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Capacitors, Television Down Leads, 
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all designed to meet the present 
needs of electronic engineers. 


EQUIPMENT for the 
RADIO INDUSTRY 


LATED CALLENDER’S CABLES 
SE, NORFOLK STREET, LONDON, 


NS U 
HOU 








r a 
tlectronic Engineering March, 1950 © 


Tse terre 


The 


SPANDIT . 


MADE IN ENGLAND 


é | ‘ele viston Mask 








— with a combination of qualities 


EXCELLENT DESIGN: EXTREMELY HIGH FINISH: 
WELL POSITIONED FIXING METHODS. 


altogether an excellent product, backed by the ae 


service manufacturers expect from us. 





OY 


EMPIRE RUBBER COMPANY 


IN ASSOCIATION WITH RUBBER BONDERS LTD 
{PROPRIETORS ; H.G.MILES &TD) 


-_, DUNSTABLE + BEDFORDSHIRE - ENGLAND | | 
- Teter ONE § OUNSTABLE 533°536 {4 LINES }. TELEGRAMS = SPANDIT “DUNSTABLE ¥ ' 


No 





§ 
& g 











March, 1950 


Hlectronic Engineering 


CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under 1” or 12 lines) is; Three lines or under 7/6, each additional line 2/6. 
The line averages seven words.) Box number 2/- extra, except in the case of advertisements in “‘ Situations Wanted,’’ when it is ad 


ree of charge. 


At the INCH RATE (if over |” or 12 lines) the charge is 30/- per inch, single column. Prospectuses and Company’s 


Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 
to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electronic Engineering.’’ Advertisements 
must be received before the I4th of the month for insertion in the following issue. 





Vacancies advertised are restricted to persons or 
employments excepted from the provisions of the 
Control of Engagement Order, 1947. 


OFFICIAL APPOINTMENTS 


MINISTRY OF SUPPLY invites applications 
from Physicists for following posts in Scientific 
Officer Class at Research and Development 
Establishment near London. 1. Electronic 
Physicist for work on application of electronic 
methods to photography of detonation phenomena. 
Experience high speed photography desirable. 
2. Classical Physicist for study of experimental 
results of work on detonation waves. 3. Theoretical 
Physicist for work on effect of blast on structures. 
Knowledge of fluid mechanics and strength of 
structures desirable. 4. Physicist with wide and 
varied experimental experience; electronics 
knowledge an advantage. 5. General Physicist 
with maths for experimental work on electrical 
and optical investigations and mathematical 
analysis of results. 6. Physicist with mathematical 
ability for work on aerials. UHF experience 
desirable. 7. Physicist and Electronic Engineer 
for work on electro-optical systems. 8. Physicist 
with maths to plan and organise experimental work 
with small team. Previous research experience 
desirable. All candidates must have good honours 
degree or equivalent in physics, and for the S.S.O. 
grade have at least three years post graduate 
research experience. Salaries according to age, 
ualifications and experience within ranges: 
enior Scientific Officer (minimum age 26): 
670-£860. Scientific Officer: {£380-£620. Rates 
‘or women somewhat lower. Posts are unestablished 
but carry F.S.S.U. benefits. Application forms 
obtainable from Technical and Scientific Register 
(K), York House, Kingsway, W.C.2, quoting 
A21/50/A. Closing date 18th March, 1950. 
W.2239 


B.B.C. invites applications for two posts in the 
Recording Section of Research Department based 
initially at Balham, London and later at Kings- 
wood, Surrey. One of the posts is in a grade with 
annual increments of £40 and a maximum salary 
of £890 per annum and the other in a grade with 
annual increments of £30 and a maximum salary 
of {680 per annum. Applicants must possess a 
degree or equivalent: qualification in electrical 
engineering. The successful applicants will be 
employed on research and development work on 
all aspects of sound recording and familiarity with 
low frequency circuit technique is therefore 
essential. A knowledge of music would be an 
advantage. For the more senior post, applicants 
must also be familiar with the design of light 
electrical mechanical equipment and have the 
ability to organise development work in the draw- 
ing office and workshop. These qualifications are 
desirable to a lesser degree for the less senior post. 
Applications, stating age, qualifications, details of 
— and present employment should reach the 
ngineering Establishment Officer, Broadcasting 
House, London, W.1, within seven days of the 
appearance of this advertisement. Please state 

for which post application is being made. 
W. 2218 


A GENERAL ASSISTANT engineer is required 
in the Communications Section of the Technical 
Department at Divisional Headquarters in North 
London. The work will include the maintenance 
of telephone type switchboards and electronic 
equipment. Applicants should be graduate members 
of The Institution of Electrical Engineers or have 
satisfactory academic qualifications, and should 
have had considerable experience in the adjustment 
of telephone relays and switches. The salary range 
for the position is in accordance with the Divisional 
Engineering Staff Salary Schedule (£417 8s. to 
£549 16s. per annum’ which includes London 
Allowance). The appointment will be Super- 
annuable in accordance with the British Electricity 
Authority and Area Boards Superannuation 
Scheme. Applications, stating age, experience and 
present position should be sent to arrive not later 
than rxrth March, 1950, in envelopes endorsed 


A 


“General Assistant Engineer (Technical Depart- 
ment)’’ to the Divisional Controller, Eastern 
Division British Electricity Authority, Northmet 
House, Southgate, N.14 W 2229 


GOVERNMENT DEPARTMENT has vacancies 
in Bucks for men experienced in wiring of develop- 
ment and small production radio and electronic 
equipment. Payment at hourly rates. Hostel 
available. Write Box No. W 2249. W 2249 


MINISTRY OF SUPPLY invites applications 
from Physicists and Electronic Engineers for 
following eight posts in Research and Development 
Establishment near London: Physicists—(1) for 
electrical and optical recording in connexion with 
underwater ballistic investigation; (2) with good 
knowledge Mathematics for general experimental 
research ; (3) with general experience and interests 
including knowledge Electronics; (4) with know- 
ledge of Electronics and Radar or Strain-Gauge 
work; (5) for radiological research. Industrial 
X-ray experience desirable. Physicists or 
Electrical Engineers—(6) with experience in 
design, use and servicing of electronic instruments 
(7) with experience of test equipment to undertake 
design of such equipment for testing special 
characteristics of electrical components, etc. 

(8) with experience in use of electronic techniques. 
Experimental ability essential. For all posts 
minimum er meey- is Higher School Certificate 
or Higher National Certificate or equivalent, but 
higher qualifications, e.g., Degree in Physics; 
would be an advantage. Good practical experience 
also desirable. Salary according to age, qualifica- 
tion and experience, within ranges : Experimental 
Officer (min. age normally 28), £495-£645. 
Assistant Experimental Officer, £220 (at age of 18)- 
£460. Rates for women somewhat lower. Posts 
are unestablished. Application forms obtainable 
from Technical and Scientific Register (K), York 
House, Kingsway, W.C.2, quoting A.29/50A. 
Closing date, 14th April, 1950. W 2252 


AN OVERSEAS VACANCY occurs for an 
Engineer in charge of local Broadcasting and 
Studios, two ro kW. Transmitters, Diesel Power 
Plant. Salary, including local cost-of-living 
allowance, £1,500 per annum. Write, quoting 
D.42/50-0-A, to Ministry of Labour and National 
Service, Technical and Scientific Register (K), 
York House, Kingsway, London, W.C.z., for 
application form, which must be returned com- 
pleted by 15th April, 1950. W 2251 





SITUATIONS VACANT 


FERRANTI LIMITED, have vacancies in their 
Radio Works, Moston, Manchester, for Physicists 
and Engineers for research and development work 
on vacuum and gas-filled electronic devices, as 
follows: (a) Senior Development Engineers ; 
qualifications include a good Degree in Physics or 
Electrical Engineering and extensive experience in 
a responsible capacity in the electronics field. 
(b) Development Engineers. Qualifications include 
a goed Degree in Physics or Electrical Engineering 
or suitable extensive experience in electronics. 
Salary on a liberal basis, according to qualifications 
and experience, The Company has a Staff Pension 
Scheme, Application forms from the Staff Manager, 
Ferranti Limited, Hollinwood, Lancs. W 2184 


THE EDISON SWAN Electric Co. Ltd., 
Cosmos Works, Brimsdown, Enfield, Middx., 
require qualified Engineers and Physicists for the 
following appointments: (a) Circuit Development 
Engineers, for work in connexion with television 
and pulse circuits. (6) Radio Valve and Cathode 
Ray Tube Development Engineers. Both classes 
of vacancies include senior posts for men with 
extensive experience in responsible positions. 
Other vacancies, for men whose experience is less 
extensive, have a salary range of £400-£600 per 
annum, dependent on age and qualifications. 
Application for all vacancies, giving as much 
information as possible, should be made to. the 
Personnel Supt., at the above address. W 2221 


ELECTRONIC LABORATORY ASSISTANT 
(Research and Development Section) required. 
Experience in constructing apparatus from 
theoretical diagrams essential. Ly aa a 
Manager, Vickers-Armstrongs Ltd., Wey . 
2253 


VACANCIES exist in the Nelson Research Labora- 
tories of the English Electric Co., Ltd., Stafford, 
for Senior and Junior Physicists and Engineers for 
work in the Vacuum Physics Laboratory. A 
Degree in Physics or Engineering essential, and 
preference will be given to men experienced in 
electron optics and vacuum techniques. Write, 
giving full details quoting Ref. 308 to Central 
Personnel Services, English Electric Co., Ltd., 
24 Gillingham Street, Westminster, S.W.x1. 

W 2203 


YOUNG ELECTRONICS ENGINEER, with 
good theoretical background and at least four years’ 
practical experience in the design and construction 
of electrical equipment, gm by large engineer- 
ing firm in the Midlands for development of 
strain-gauge testing equipment in Research 
Laboratory. Reply in writing, stating particulars 
of training and experience, together with salary 
required, to Box W.2169. 2169 


MURPHY RADIO LTD. are expanding their 
Electrical Design Laboratory and urgently require 
the services of Television and Radio Engineers 
having good Academic qualifications (Honours 
Degree in Physics or Electrical Engineering) and 
experience in industrial design laboratories. There 
are also openings for Graduates trained in these 
branches but without industrial experience. 
Applications, giving full particulars of training and 
experience, should be forwarded to Personnel 
Dept., Murphy Radio Ltd., Welwyn Garden City, 
Herts. W 2216 


BRITISH INSULATED Callender’s Cables Ltd., 
have a vacancy with one of their subsidiaries in the 
London area, for a Chief Research Engineer with 
several years’ industrial experience and a good 
Degree in Physics or Electrical Engineering. 
Duties involve administration of the research 
laboratory and the design development of com- 
ponents using ceramic materials. Knowledge of 
the use of ceramics would be an advantage but 
not essential. A good knowledge of radio-frequency 
measurements and circuitry is essential. Applica- 
tion, in writing, stating age, qualifications and 
experience to Staff Officer, British Insulated 
Callender’s Cables, Ltd., Prescot. W 2183 


INSTRUMENT RESEARCH and development 
Young Physicist or Engineer required for new 
South London laboratory to work on electroric 
and electro-mechanical devices. High vacuum 
experience an asset. Graduate preferred, but other 
applicant will be considered if man of ability having 
useful experience and capable of working alone. 
Write, giving details of experience, age and 
qualifications, to Box No. W 1053 W 1053 


WANTED for small works producing fractional 
H.P. and D.C. motors, rotary transformers, etc. 
Capable designer able to carry through the design 
from development stage right up to production. 
Applicant would also be considered to act as 
assistant to manager. Good prospects. Age 
30-35. Applications, in writing, stating age, 
experience and salary required, to Personnel 
Department, George Kent Ltd., Luton, Beds. 

W 1057 


ENGINEER-PHYSICIST (Senior) for develop- 
ment of centimeter-wave electron tubes. Good 
prospects and conditions. Salary up to £800 per 
annum, according to qualifications and experience. 
Edinburgh Area. Box No. 466, J. G. McCallum & 
Co., 21, Castle Street, Edinburgh. W 2217 


INSTRUMENT DRAUGHTSMAN required for 
design work on electronic and electro-mechanical 
devices. Interesting post for keen man with 
initiative. Apply, in writing, giving details of 
experience and qualifications, to K.D.G. Instru- 
ments Ltd., Purley Way, Croydon. W 1052 








CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





TELEVISION ENGINEER, with first-class 
knowledge and experience of modern television 
production and development, required by North 
London Manufacturers. Only applicants in 
similar position with full qualifications should 
apply, giving details of experience and salary 
required, to Box No. W 2219. W 2219 


A COMPANY engaged upon the design and 
development of electronic equipment require a 
Senior Engineer. Applicants should have an 
Honours Degree in Engineering and be an 
Associate Member of the Institution of Electrica ] 
Engineers. Experience must include the design 
and development of electronic equipment, prefer- 
ably for industrial use. Salary up to £900 per 
annum will be paid to the successful applicant. 
Applications should give full details, including 
salary required, to Box No. W 2220. W 2220 


YOUNG ELECTRONICS ENGINEER, with 
good theoretical background and at least four years’ 
practical experience in the design and construction 
of electrical equipment, required by large engineer- 
ing firm in the Midlands for development of 
strain-gauge testing equipment in Research 
Laboratory. Reply, in writing, stating particulars 
of training and experience, together with salary 
required, to Box No. W 2222. W 2222 


TELEVISION and Radio Testers required in 
Cambridge. Vacancies also exist for Electronic 
Wiremen and Testers on transmission and 
specialised equipment. Write, giving full details, 
to the Works Manager, Pye Ltd., St. Andrew’s 
Road, Cambridge. W 2223 


AN ASSISTANT to the Chief Development 
Engineer is required by a large company manu- 
facturing radio components and allied products. 
Applicants must have technical education to B.Sc. 
in Electrical Engineering or Physics, and must have 
experience of development work in the radio field. 
A permanent and progressive position will be 
offered to an applicant with these qualifications 
and between the age of 30 and 35 years. Kindly 
state fullest details in strict confidence to Box 
No. W 2224. W 2224 


DECCA RADAR. The Decca Navigator Co. are 
engaged on a considerable programme of radar 
research, development, production and world-wide 
sales and servicing. The programme creates a 
steady demand for well-qualified Radar Engineers 
and others with specialised experience in this field 
and offers men with ability, energy and initiative 
excellent opportunities both at home and abroad, 
at salaries ranging from £500 to £1,000 per annum. 
Applications are invited for both immediate and 
future posts. All applications will be treated as 
strictly confidential. Write only in first instance to 
Ref. E.F., The Decca Navigator Co. Ltd., 1-3, 
Brixton Road, London, S.W.9. W 2225 


APPLICATIONS are invited from senior and 
junior Graduates in Physics, Mathematics and 
Electrical and Mechanical Engineering by the 
Research Laboratories of The General Electric Co. 
Ltd., North Wembley, Middx. Details of openings 
will be sent to all suitable applicants sending par- 
ticulars of age, academic qualifications and 
experience, to the Personnel Officer. W 2226 


PRODUCTION MANAGER required by leading 
Hearing Aid Makers. Recent experience of modern 
production methods in similar position essential. 
Must have good mechanical knowledge and ability 
to handle all production functions. Work will be 
in East London for some months. later transferring 
to new factory at High Wycombe. Give full details 
of past experience and salary required. Write, 
Box No. M.1oor, Haddons, Salisbury Square, 
London, E.C.4. W 2227 


JUNIOR ENGINEER required for testing and 
calibrating high-grade audio frequency equipment. 
Previous experience essential and education up to 
Inter.B.Sc. or equivalent. Apply, giving age, full 
details of education, experience and salary re- 
quired, to E.M.I. Studios Ltd., 3, Abbey Road, 
St. John’s Wood, N.W.8. W 2230 


LABORATORY TECHNICIAN required for 
the construction of electronic apparatus to be used 
for research purposes, Starting salary dependent 
on qualifications and practical experience. Apply 
The Head of the Electrical Engineering Dept., 
City and Guilds College, Exhibition Road, $.W.7. 

W 2233 
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PYE LTD., CAMBRIDGE. Applications are 
invited from experienced Television Engineers for 
posts in the Field Demonstration Section, the 
function of which is to exhibit television trans- 
mission equipment both in the U.K. and abroad. 
Applicants are requested to write, giving full 
details of qualifications and experience, to the 
Personnel Manager, Pye Ltd., Cambs. W 2228 


THERE ARE VACANCIES in the Muilard 
Radio Valve Company for Junior and Assistant 
Valve Engineers, required for work on U.H.F. and 
gas-filled valves. Age 20-30. A Degree in Physics 
or Electrical Engineering is essential, together with 
practical experimental ability. Hours of work, 
7.30 a.m. to 5.15 p.m., Monday to Friday. Salary 
according to age, experience and qualifications. 
Write for application form to Mr. E. J. Pittman, 
Personnel Officer, The Mullard Radio Valve Co. 
Ltd., New Road, Mitcham Junction, Surrey, 
quoting the reference “‘ D.S.” W 2231 


ENGINEER required for original design and 
development of Light Electro-Mechanical Device. 
Candidate should be Grad. I. Mech. E. or have 
equivalent qualifications. Previous experience an 
asset. S.W. London. Apply Box No. 207 S.T. 
Garland Advertising Service Ltd., 52, Mount 
Street, London, W.1. W 2234 


SERVICE DEPARTMENT of large Radio 
Manufacturers in North London District has 
vancancies for: (a) Correspondence Clerk; (b) 
Radio Engineers ; (c) Receiving Clerk. (d) Office 
Junior (Male or Female) and Workshop Junior. 
Applicants for (a) must have at least Secondary 
School Education and hold Matriculation or 
School Certificate, be capable of writing good 
business letters, and have adequate training in 
Radio theory and practice. In (b) educational 
standards and technical training as above. For 
(c) qualifications should include education to 
School Certificate standard and some practical 
knowledge of Radio. The vacancies under (d) 
offer opportunities for boy or girl with good educa- 
tion, capable of accurate and conscientious work, 
and anxious to learn and progress. Some interest 
in Radio would be an advantage. Applications, in 
own handwriting, must include full particulars of 
education, qualifications, technical and com- 
mercial experience, age and salary required. 
Box No. 378, c/o Era Publicity Ltd., 7, Fitzroy 
Square, London, W.r. W 2235 


A FEW UNUSUAL opportunities occur in the 
Laboratories of Ferguson Radio Corporation Ltd., 
for Senior and Junior Development Engineers, for 
work on domestic Radio and Television receivers 
and electronic equipment for Government services. 
Applicants must possess a University Degree, 
preferably in Engineering or equivalent qualifica- 
tions. Designer-Draughtsmen are also required 
for similar work; previous experience essential. 
Excellent prospects for keen, enthusiastic man. 
Write, with full details, to Chief Engineer, Ferguson 
Radio Corporation Ltd., Cambridge Road, Enfield, 
Middx. W 2237 


ENGLISH ELECTRIC, Stafford, require 
Technical Sales Representatives for their Industrial 
Electronics Dept. Previous experience in this 
field is essential and the successful candidates will 
be employed in the Birmingham and London 
Areas. A car will be provided. Write, giving 
full details of engineering training and experience, 
quoting Ref. 356, to Central Personnel Services, 
English Electric Co. Ltd., 24, Gillingham Street, 
Westminster, London, S.W.1. W2243 


ENGINEERS, PHYSICISTS and Technicians 
wanted for research and development work. 
Experience in applying Classical Physics to 
engineering and industrial problems, or in the 
design and construction of high-vacuum and 
electronic equipment is desirable. Apply, in 
writing, stating age, experience and_ technical 
qualifications, marking envelopes ‘ Research,” 
to Box No. W 2241. W 2241 


FERRANTI LTD., invite applications from 
energetic Electronic Engineers with a sound 
electro-mechanical background to take charge of 
a section engaged in the development of means for 
the magnetic storage of digital information. 

ualifications include a good Degree in Physics or 

lectrical Engineering, but originality of thought 
and ability to lead a development section are of 
primary importance. The position is of great 
interest to any keen engineer convinced of the 
future of Electronic Digital Computation. Salary 
will be in the range of £600 to £1,000 per annum. 
Application forms from The Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. W 2208 
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BRITISH TELECOMMUNICATIONS 
Research Ltd., Taplow Court, Taplow, Bucks, 


require Mechanical Engineering Draughtsmen, 
preferably with experience on radar and radio, for 
interesting and varied work. Also Draughtsmen 
for detail on telecommunications equipment. 
Good working conditions canteen facilities, etc. 
Apply Chief Draughtsman. W 2238 


PHYSICIST OR MATHEMATICIAN required 
-by Development Laboratory of large Radio 
Component Manufacturer, situated in a country 
area of Essex. Applicants should have Degree in 
Physics or Mathematics or Pure Science with 
Physics or Mathematics as a major subject and 
some experience of the Radio industry... Applica- 
tions should be made in writing to Personnel 
Manager, The Plessey Co. Ltd., Ilford, —— 
2240 


VOLUME CONTROL Manufacturers require 
immediately an Engineer with practical experience 
in the manufacture of carbon tracks. New factory 
with modern equipment. Good opportunity for 
right man. Write, in confidence, giving details of 
experience, age and salary required, to Box No. 
W 2236. W 2236 


EXPERIENCED TIME STUDY Engineers 
required for Philips Mitcham Works (Radio, 
Television and Light Electrical Engineers), 
Knowledge of Bedaux method of rating is essential. 
Write, giving details of qualifications, experience 
and salary required, to Personnel Officer, Mitcham 
Works Ltd., New Road, Mitcham Junction, Surrey. 


WV 2232 
ASSISTANTS, Senior and Junior, required 
immediately in Radio Frequency Laboratory. 


Theoretical and practical experience of develop- 
ment, adjustment and calibration of frequency 
standards, high- and low-frequency oscillators and 


amplifiers essential. Superannuation Scheme. 
H. W. Sullivan Ltd., Leo Street, Peckham, S.E.15. 
W 2242 


QUALIFIED SENIOR Engineer required for 
television aerial and transmission line development 
and research for laboratory in the London area. 
Wide experience of S.W. aerial measurements 
and equipment essential. Permanent position 
offered with liberal salary to suitable candidate. 
Write: Antiference Ltd., 67, Bryanston Street, 
London, W.1. WV 1059 


TEST AND CALIBRATION Engineer required 
for high-grade electronic instruments of all types. 
Technical proficiency and practical experience 
essential. Five-day week. Full particulars to 
L.M.K. Mfg. Co. Ltd., Harlequin Ave., Great West 
Road, Brentford, Middx. W 1051 


SENIOR ENGINEER to take charge of an 
Electronic Laboratory. Principal qualifications 
are experience in design, development, and 
application of H.F. heating equipment, and 
capable of assisting materially in sales promotion 
of this project. Added consideration given to 
applicant who has had experience in general 
electronic field. Applicant should have Honours 
Degree in Engineering and be within the age 
group 28-45 years. Salary will be fixed in accord- 
ance with qualifications and experience. Applica- 
tions in writing to Personnel Manager, Airmec 
Laboratories Ltd., High Wycombe, Bucks. 

W 2245 


MARCONI’S Wireless Telegraph Co. Ltd., 
Chelmsford, require an experienced Graduate 
Engineer or Physicist, aged 28-35, for work in the 
Research Laboratories. Applicants must be 
capable of designing and producing experimental 
apparatus. A knowledge of Physical Chemistry 
and electronic devices is essential. Write, giving 
full details, quoting reference 247, to Central 
Personnel Services, English Electric Co. Ltd., 24, 
Gillingham Street, London, S.W.1. W 2215 


SPECIALITY Radio-Telephone Salesman, salary, 
comm., expenses ; Senior and Junior Development 
Engineers and Draughtsmen for radio, radar, 
electronics, etc. Service Engineers: radio, tele- 
vision, radar, electronics; wiremen (skilled and 
semi-skilled), radar, radio, instruments ; 


repairers, testers, inspectors, radio, television, 
radar; other positions. Technical Employment 
Agency, 179 Clapham Road, S.W.9. (BRIxton 
3487). W 2119 
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Let us get down to examples. A Tufnol Shuttle- 
brake on a weaving loom hardly worn after 
105 million picks in 3 years service. Tufnol 
live rail insulators withstanding the lurch of 
a train that smashed the more conventional 
types. A Tufnol trip-bar giving at least 15 
times the service of Lignum Vitae. Tufnol for 
bearings, for gear wheels, withstanding extremes 
of climate, assailed by chemical fumes, and im- 
pressive in its shear, tensile, and compression 


strengths. Every engineer or manufacturer 


TUFNOL LTD .- PERRY BARR: BIRMINGHAM - 22B 


234 


seeking a lightweight non-metallic material 
possessing chemical resisting, electrical in- 
sulating, and mechanical qualities, should get 
to know more about Tufnol. Tufnol is the 
material of enterprise .. . 










ANY QUESTIONS? 


Many are answered in the various 
Tufnol Publications which contain 
all collected data. If you think you 
have a NEW use for Tufnol 

our Technical Staff will co- 
operate with enthusiasm and 

report objectively. Why not 

write TODAY ? 


TUFNOL 











CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





REQUIRED IMMEDIATELY by the Plessey 
Co. Ltd., Ilford, Senior Engineers for work on 
radio communication equipment development. 
Only engineers between the ages of 30 and 40 
with considerable experience of high-grade radio 
equipment will be considered. Applicants should 
preferably have had experience of the control of 
engineering staff and of the whole sphere of 
development work from initial design to production. 
State fullest details, including age and salary 
required to Personnel Manager. W 2246 


ENGLISH ELECTRIC VALVE CO., Chelms- 
ford require a young Graduate Engineer interested 
in micro wave or general work on electronic valves. 
An interesting position with good prospects after 
suitable training. Write, giving full details, 
quoting Ref. 332, to Central Personnel Services. 
24, Gillingham St., Westminster, London, S.W.1, 

W 2247 


KEEN YOUNG MAN (ae 18-25) required for 
Inspection and Development work by progressive 
firm of radio and electrical component manu- 
facturers in Wilts. W 1058 


DECCA RADAR. The New Zealand Representa- 
tive of the Decca Navigator Co. Ltd., require a 
well-qualified Radar Service Engineer with 
considerable experience of marine radar design, 
installation and service. The successful applicant 
will be required to take up permanent residence in 
New Zealand. Salary will be up to £680 p.a., 
depending on qualifications and experience. 
Please write in first instance full details to Refer- 
ence N.Z., The Decca Navigator Co. Ltd., 1-3, 
Brixton Road, London, S.W.9. W 2248 


TECHNICAL SALES Representative required 
by established company manufacturing high-class 
electro acoustic equipment. Contact medical 
— manufacturers and corporation at high 

vel. Good appearance, personality and sound 


electronic knowledge essential, education to 
B.Sc. standard. Age 25-40. £750-£850. Write 

» experience and qualifications to Box 
0. W 2250. W 2250 


ELECTRICAL DESIGNER required for the 
F.H.P. Motor Laboratory of a large Light Electrical 
Engineering Company in the West London Area. 
Applicants should have a sound technical and 
practical training with initiative to accept full 
responsibility of a project from the initial design 
stage to factory production. Excellent prospects 
if qualifications and experience are suitable. Apply, 

ving details of age, education and job history, to 

ox No. W 2244. W 2244 





SITUATIONS WANTED 


LABORATORY ENGINEER, with T.V. and 
development experience. Qualified in research. 
Box No. W 1056 W 1056 


DISCHARGE TUBES. Vacuum worker, many 
‘nead experience, hard and soft glass. High- and 
low-pressure. Capable of taking charge. Box 
No. W 1054. W 1054 





EDUCATIONAL 


A.M.LE.E., City and Guilds, etc., on “NO 
PASS—NO FEE” terms. Over 95 per cent 
successes. For full details of modern courses in all 
branches of Electrical Technology, send for our 


112-page handbook—FREE and post free. 
B E (Dept. 337B), 17, Stratford Place, 
London, W.1. W 100 





FOR SALE 


AMERICAN MAGAZINES. One year post 
free. “‘ Radio Electronics,” 32s. 3d.; ‘‘ Audio 
eee nee 28s. gd.; ‘‘ Radio and Television 


News,” " Popular Science,” 28s. 6d. S.A.E. 
for full ist from Willen Ltd. (Dept. 9), 101, Fleet 
Street, London, E.C.4. W 2214 


TELEVISION. Bel P.M. Focus Rings, as 
reviewed this issue. Chromium finish. Bel Sound 
Products Co., Marlborough Yard, Archway, 
London, N.19. Phone: North 1025. W 1045 
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THE OSCILLOSCOPE : Design and Construc- 
tion, by J. A. Hopkins. The latest manual 
designed expressly for the home constructor. 
Complete circuit diagrams. Post free, 4/9. 
Quadrant Books (Dept. 3), 17, Quadrant Arcade, 
Regent St., London, W.1 W 1060 


PROCEEDINGS I.R.E. (New York), January, 
1941, Vol. 29, to December, 1949, Ve. 37, un- 
bound, £27. 31, Wilmington Way, Brighton, 6. 

W 1061 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 


FIVE-CORE CABLE (9/012) tough rubber 
sheathed, tinned copper screened, 1s. yard. Also 
enamel copper wires. Armes, 37, Birchwood 
Drive, Leigh-on-Sea. W 1021 


WEBB'’S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post 9d. W 102 


100 WATT 7 M/c. Mobile C.W. Transmitter, 
Not Ex-W.D. 4-807’s Crystal Control. First 
reasonable offer. Reddin, 38, Arran Quay, Dublin. 

W 1064 





SERVICE 


GLASSBLOWING, repetition and scientific, by 
Hall Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N.22. Phone BOWes 
Park 7221-2. W 109 


BINDING of “Electronic Engineering.” Best 
sewn bindings (not case bindings) in cloth, choice 
of colours, 11s. per volume. Inquiries for these 
and other periodicals or rebinding, Box No. W 1050. 

W 1050 


WANTED 


WE WILL BUY at your price used radios, 
amplifiers, converters, test meters, motors, pick- 
ups, speakers, etc., radio and electrical accessories. 
Write, phone or call, University Radio Ltd., 22 
Lisle Street, London, W.C.2. GERrard 4447. 

W 103 


NOW: 
SQUARE 


HOLE 
PUNCH 


First Deliveries Commence April Ist. 
GET YOUR ORDER IN NOW! 
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1950 





ELECTROFORMING 


FREDERICK 


COWBURN 
& CO. LTD. 


2, Ardwick Green South, 
Manchester, 13 


PIONEERS IN THE DEVELOP- 
MENT OF ELECTROFORM- 
ING WAVE GUIDES AND 
ALL OTHER COMPLICATED 
SHAPES OF ACCURATE 
INTERNAL DIMENSIONS ON 
FORMERS OF WAX, STEEL 
OR PLASTIC 








MAGSLIPS 


Resolvers, Transmitters, Hunters, 
Receivers, etc., 2” and 3” types. 


SELSYNS 
‘Power and Phase-Shifting types. 
INDUCTION MOTORS AND 
VELODYNES 


Send for list and technical details. 


Geiger-Miiller counters U.S.A. make, 50/- 


Vacuum relays 6 volt 35mA. wrores) 
fitted 4-pin valve socket (Brit.) 6/6 


HOPTON RADIO, 

1, Hopton Parade, Streatham High Road, 
LONDON, S.W.I6. 
"phone : STReatham 6165 

















Electronic 


ACCESSORIES & COMPONENTS 


Fo R h g ’ 
Seem. Ye aa HOLIDAY & HEMMERDINGER LT? 
74-78, HARDMAN ST., DEANSGATE 


tories, Colleges, 
— MANCHESTER 3 TEL. DEA. 4121/2 


Send for List. 








L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries: 
London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 


Telephone WliLlesden 6486 
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uth, 


LoP- 
yRM- 
\TED 


ATE SELENIUM RECTIFIERS — 





ON FOR LIGHT & HEAVY DUTY 
TEEL | 
Illustrated here are a few examples of 
our wide range of Selenium Rectifiers 
si aa For further particulars write to-day for 
leaflet EE/SR9403. 
Literature is also available for Radio 
:, Cores, Photo-Cells, Quartz Crystal Units 
: Copper Oxide Rectifiers. These being 
’ just a few of our products which 
| are essential to the 
ND Radio Industry 
, 50/- 
rox.) 
6/6 
Road, 
ICE 
ited, 
} 
hs. 
' 
Ltd. (A ae oe ainsi 
te, 
0 SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS . SILK STREET -. SALFORD3 - LANCS . ENGLAND 
er Asubsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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? 
yew SCREENED 1“ 


FOR THE TELEVISION FREQUENCIES 


The 6F1 and 10FI1 are two new screened H.F. Pentodes for 
AC and AC/DC mains operation respectively. Identical, 
apart from heater rating, they have twin cathode connec- 
tions giving a considerable reduction in common anode and 
grid circuit H.F. impedance, thereby enabling a high input 
resistance to be obtained. 

This high input resistance together with the high mutual 
conductance of these valves (9mA/V at 10mA Anode 
Current) makes them ideal for use in straight television 
receivers, particularly for operation at a carrier frequency 
of 61-75 Mc/s as used by the Midland (Sutton Coldfield) 
































transmitter. 
TYPICAL OPERATION 
6F1 

- 10F1 i 
Heater Voltage eats ns Vn | 6.3 volts 22 volts 
Heater Current it i. <s Ih 0.35 amps 0.1 amps 
Anode Voltage en = me Va 200 volts 200 volts 
Screen Voltage - me Re Vg2 200 volts 200 volts 
Anode Current na Js 5 In 10 mA 10 mA 
Screen Current re Se + 1,2 2.6 mA 2.6 mA 
Grid Voltage ‘a > - Vel —1.8 volts | —1.8 volts 
Mutual Conductance — ss &m 9 mA/V 9 mA/V 
Input loss at 61.75 Mc/s (approx.) .. Tin 7500 ohms | 7500 ohms 

BASE B8A. LIST PRICE: 15/6d 











EI DIS WAIN 


MAZDA 
RADIO VALVES AND TELEVISION TUBES | 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
RAI94 
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Electronic Timer 


The BTH Electronic Timer provides an ideal of the ‘ON ’—‘ OFF’ pattern—or alterna- 
method of accurate timing for industrial tively by employing a pair of contacts, 
‘Ss and laboratory processes where high pre- opening and closing automatically — 
, cision is required. The timing period is remaining closed throughout the timing 
initiated by closing a simple control switch period. 





TIMING RANGES (IN SECONDS) 

al, 

ec- TYPE FU21, FORM....| Al A2 | ad | a6 | aS | a6 | APT oA 
nd Minimum setting (in secs.)... | 0.3 0.5 1 1.5 4 6 8 12 
ut Maximum setting " " .., 5 10 20 30 60 90 120 180 














































lal 
SUPPLY : 












de 

on 200/250 volts. 40/60 cycles, A.C. 

‘) CONTACT RATINGS : 
4 amperes at 250 volts A.C. and 
2 amperes at 440 volts A.C. (on D.C. 
circuits, rating depends very largely on 

as the nature of the load) single-pole, 

j double-throw. 
FEATURES 
’ @ No moving parts except small con- 
i trol relay. 
e@ Convenient and stepless variable time 
adjustment. 


e@ Standard radio valve used. 
e@ Chassis easily withdrawn—only one | 
screw to remove. 
e@ High accuracy of repetition. 
e All components of proved reliability. 
j e Location and installation easy owing 
i to the small overall dimensions. 


BRITISH THOMSON-HOUSTON oncom 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND A3954 
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Safe | 
Efficient 
Du ra ble J 


WHEREVER a portable source of high frequency energy is required — in the lamp and 
valve industries, in commercial and industrial laboratories —this Ferranti TESVAC 


Ww 








vacuum tester ensures maximum efficiency of transmission through glass with minimum — 
risk of puncture or shocks. Strongly-made of durable materials, its safety lies in the 


frequency output of 4 megacycles. 





a 
Fer ranti Lid. ELECTRONICS DEPARTMENT, MOSTON, MANCHESTER 10 
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22 2222222 FOR RESISTORS 


== and all radio components 


= = _ FREQUENTITE — FARADEX — TEMPRADEX 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport on Severn, Worcester 


(IU 





Telephone: Stourport III Telegrams: Steatain, Stourport 








_— 
od 
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An entirely new development... 








This latest Metrovick product in the field of electronics gives the - 
Electronic and Radio Engineer all he needs in a multi-range t 
instrument for the measurement of current, resistance and voltage. 
In addition, provision for R.F. Voltages is made by the inclusion of 
a probe which employs a diode valve for rectification. _ All sections 
give indication on the same moving coil instrument, and a multiplier 
switch enables all the A.C. and D.C. 
ranges, except the 1000 volt scales to be 
trebled if required. ~ 

‘Though so compact, the instrument is 
robust enough to be used constantly 
under average conditions. It weighs only 
17 lb., and is contain- 
ed in an_ attractive 
steel case in cream or 
blue hard stoved 
enamel, fitted with 
leather carrying 


handle. 






















Send for further details 
contained in leaflet 652] 2-1 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 
TRAFFORD PARK, MANCHESTER 17 





R\E.901 





ch, 1950 





March, 1950 


Electronic Engineering ul 


POLAR DIAGRAMS 
OF “BELLING-LEE” AERIALS 


INVERTED 
sy’ 
DIPOLE 





—- V & S DIAGRAM 
Water DIPOLE DIAGRAM 


4/7 *H’ 





—— VISION DIAGRAM 
SOUND DIAGRAM 
petetil DIPOLE DIAGRAM 


1/4 ‘H’ 
SENIOR 





—— VISION DIAGRAM 
SOUND DIAGRAM 
DIPOLE DIAGRAM 


4-ELEMENT | 
ARRAY 
COMPRISING 
/4 *H’ 
WITH TWO 
DIRECTORS 
SPACED 1/10 





VISION DIAGRAM 
SOUND DIAGRAM 
mE ea DIPOLE DIAGRAM 





LIGHTWEIGHT 


om future, issues of ‘‘ Belling-Lee ’’ aerial polar dia- 
grams will express the response of the aerial in microvolts 
in a given field, and not in decibels referred to minimum 
response as previously. 

The change will make the diagrams more easily read 
and understood by a larger number of people, who may not 
have the necessary appreciation of logarithmic notation. 
When shown in microvolts, the comparison of the polar 
diagrams of two different aerials will be seen at a glance, 
since a linear scale is used. If one aerial has twice the 
pick-up in one direction compared with another aerial, 
the distance in the appropriate direction from the centre 
of the diagram tg the response curve of the aerial will be 
twice the corresponding distance in respect of the other. 


PSA 


Po Did you know? A motor | 
car can seriously interfere 
with electronic research and 
television reception. 

Fit a ‘‘Belling-Lee’’ sup- 
pressor L.1274 or L.630 to 
the distributor lead, does 
not affect engine perform- 
ance and helps an industry 





















BELLING ¢ LEE LTD | === 











CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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Verio 























UNIVERSAL 
VALVE 
TESTER 


This instrument 
will display on a 
cathode ray tube 
the Anode volt/ 
Anode current 
curves for any 
receiving type 
valve. Curves for 
eleven different 
grid voltages are 
shown simul- 


SQUARE WAVE GENERATOR  ‘aneously and a 


re ‘ é calibration pat- 
This instrument provides a square wave of amplitudes <n cael 
from SmV to 50v peak to peak calibrated, at a tern 1S displayed 
repetition frequency of from 5Sc/s to 4&50Kc/s. The enabling the volt- 
mark/space ratio is 1:1 and the wave is flat to within 
less than +1% top and bottom. Alternative positive age and current 
and negative pulses of 0.05, 0.1, 0.2, or 0.3uSecs can characteristics to 
also be obtained with amplitudes of from S5mV to 
5v peak to peak. be checked. 





























For further particulars—please write to :— 


CINEMA -TELEVISION LIMITED 


FOREMOST IN THE MANUFACTURE OF 


e@ Counters & Chronometers @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes @ Geiger-Mulier Tubes @ Electronic Instruments 


WORSLEY BRIDGE ROAD: LONDON : S°E-26 
Telephone: HiTher Green 4600 



























Northern Agents : Scottish Agents : 
F. C. ROBINSON & PARTNERS LIMITED ATKINS, ROBERTSON & WHITEFORD LIMITED 
308 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, S.2 
ae 
——s See 
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FOR A WIDE RANGE OF USES 





OSCILLASCOPES 


It is the experienced engineer, familiar 
with the use of Oscilloscopes, who can 





best judge whether the Airmec Type 723 





Oscilloscope meets the specification which 





























we laid down when designing it. It was k Range from D.C. to 5 Mels. 
our aim that it should be a precision 
instrument of high quality, suitable for a =  fabe diatneter 4. with fit screen. 
wide range of applications, and so con- *, Sensitivity 10 mV/cm. 
structed as to be of maximum convenience * Time base variable from 0:5 seconds 
in use. We believe we have achieved to I micro-second repetitive or 
' this object. single stroke. 
Our Pamphlet No. 19 is available on 
* Three tube Voltages, ikV, 2kV 
request and we shall be glad to send you eg 
* ° ° an K 
this and other information about the + — 








instrument. 














AIRMEC LABORATORIES LTD 


HIGH WYCOMBE: BUCKINGHAMSHIRE : ENGLAND 
TEL: HIGH WYCOM3E 2060 CABLES: COMMLABS HIGH WYCOMBE. 


iE ——_=_—____ 


DESIGNERS AND MANUFACTURERS OF SCIENTIFIC AND INDUSTRIAL ELECTRONIC EQUIPMENT 


| aL(a)e 
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HIGH 
QUALITY 
REPRODUCTION 


“FIFTY and THIRTY WATT’ CINEMA AMPLIFIERS 


as illustrated for single or double P.E.C. input with 
separate adjustable bias. Full range of tone controls to 
suit all needs with built-in Exciter Supply if required. 


PRICES range from 34} gns. to 42} gns. 








TYPE C.P. 20A AMPLIFIER 


For AC Mains and 12 volt working giving 15 watts output, 
has switch change-over from AC to DC and “‘ Stand-by ”’ 
positions. Consumes only 53 amperes from 12 volt battery. 
Fitted with mu-metal shielded microphone transformer for 
15 ohm microphone, provision for crystal or moving iron 
pick-up with tone control for bass and top. Outputs for 
7.5 and 15 ohms. Complete in steel case with valves. 


PRICE £28.0.0. 





FOUR-WAY ELECTRONIC MIXER 


This unit has 4 built-in balanced and screened microphone 
transformers, normally of 50-30 ohms impedance. It has 
5 valves and selenium rectifier supplied by its own built- 
in screened power pack, consumption 20 watts. Suitable 
for recording and dubbing, or large P.A. Installations 
since it will drive up to six of our 50 watts amplifiers 
whose base dimensions it matches. The standard model has an output impedance of 
20,000 ohms or less, and any impedance can be supplied to order. PRICE £24.0.0. 





OTHER MODELS IN OUR RANGE OF AMPLIFIERS 


‘““SUPER-FIFTY WATT” ------- PRICE 36} gns. 
“THIRTY WATT” --------- » 30} gns. 
“10-15 WATT RECORD REPRODUCER”’ ,, 254 gns. 


These are fitted in well ventilated steel cases with recessed 
controls, as illustrated 


Full details upon request 
EXPORT ENQUIRIES INVITED 





VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19. 
Telephones : LIB 2814 and 6242-3 Telegrams : ‘‘ Vortexion Wimble, London 
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UNIVERSAL UNITS 


RESISTANCE + CAPACITANCE : INDUCTANCE 








‘ ie education and in industry, these units find a 


host of applications. There is a physical reality 













about them which appeals to the elementary 
student and which is necessarily missing from the 
more expensive boxes where switches are hidden 
mysteries and connexions must be taken on trust. 
This unit form of construction is economical and 


very convenient, and the moulded containers are 





sensibly engineered, so that fixing to a panel or to 
each other is quite simple. 


The price for a decade resistance unit is £3 . 8 . 3 









and delivery of most types is from stock. 





WRITE NOW FOR DESCRIPTIVE LITERATURE 


MUTRHEAD &#® Co. Em 44. 
i PRECISION ELECTRICAL INSTRUMENT MAKERS MUIRHEA 
BECKENHAM ‘ KENT ; ENGLAND ELECTRICAL bichon 
Telephone : BECkenham 0041 Telegrams & Cables : MUIRHEADS ELMERS-END 2a 












worthy addition 


TO THE RANGE OF 


A new Signal Generator of wide range and accuracy of 
performance, designed for use in the laboratory or by the 
service engineer. Turret coil switching provides six 
frequency bands covering 50 Kc/s to 80 Mc/s on fundamentals. 


50 Kc/s-150 Ke/s 1.5 Mc/s-5.5 Mc/s 
150 Kc's-500 Kce/s 5.5 Mc’s—-20 Mc's 
500 Kc/s-1.5 Mc/s 20 Mc/s-80 Mc/s 


Note these Attractive Features : 


Stray field less than IV per metre at a distance of | metre 
from instrument. General level of R.F. harmonic content 
of order of 1 per cent. 


Direct calibration upon fundamental frequencies through- 
out range, accuracy being better than | per cent. of scale 
reading. 


45 inches of directly calibrated frequency scales with 
unique illuminated band selection giving particularly good 
discrimination when tuning television “staggered” 
circuits. 


Of pleasing external appearance with robust internal 
mechanical construction using cast aluminium screening, 
careful attention having been devoted to layout of com- 
ponents with subsidiary screening to reduce the minimum 
signal to negligible level even at 80 Mc/s. 


Four continuously attenuated ranges using well designed 
double attenuator system. 


Force output 0.5 volts. 


Internal modulation at 400 c’s., 
per cent., 
use. 


Mains input 100-150 volts A.C., 40-60 c/s. 


modulation depth 30 
with variable L.F. signal available for external 


Battery Model available having same general 
specification and covering 60 Kc/s—70 Mce/s., 
powered by easily obtainable batteries. 


Fully descriptive pamphlet available on application. 


Sole Proprietors and Manufacturers : 









She 
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Mains Model 


£25 


Battery Model 


£24 


AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LTD. 
WINDER HOUSE+ DOUGLAS STREET - LONDON: S.W.1 
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Telephone: VICTORIA 3404/9 
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TRIAL OF 
STRENGTH 


To try the output strength of a small or mobile transmitter at any 
time and at a moment’s notice, all you need is the Marconi TRANSMITTER 
OUTPUT METER, type TF 912. Covering the frequency range 80-160 Mc/s, 
it is battery-operated, self-contained and portable. The scale expansion 
of the meter is such that low power transmitters can be checked at an 
open part of the scale. The basic design feature is a bolometer bridge 







with moving coil indicator employing a 75 ohm resistively terminated T RA N S M ITT E e 
input line of novel character. Further details are freely available. OUTPUT M ETER 
Please ask for folder SUMMARY OF COMMUNICATIONS TEST GEAR Type TF 912 


Marconi Instruments Limited 


ST. ALBANS, HERTFORDSHIRE ° Telephone: St. Albans 6161/5 


Northern Office: 30 Albion Street, Hull. Western Office: 76 Portview Road, Avonmouth. Southern Office 
and Showrooms: 109 Eaton Square, London, S.W.1. Midland Office: 19 The Parade, Leamington Spa 


L 











Wherever there’s current to be countered 
or voltage to be revolted let Delaron make the 
doings. One or other of the Delaron grades 
will possess the right electrical properties plus 


very desirable mechanical advantages. 





In thicknesses from %”. Two colours — black 





and brown; various finishes. Various sheet sizes. 


eae 
7 


Can be machined easily. May we send you full information ? 


THOMAS DE LA RUE & CO., LTD., Plastics Division, Imperial House, Regent Street, London, W.1. 








a Electronic Engineering March, 1950 








IOmm Sub-Miniature Valves — | 


FIRST BRITISH RANGE 








































































































ae TELEF 
a 
«\ 
For Communications and Industrial Lauipment 
» : : 9 
Vv 
The sub-miniature valves listed below are the first of a i Th 
wide range which offers special advantages in communi- Bsc 
cation and industrial equipment where saving in space ' G 
and weight is of importance. The range includes battery ' ; 
and mains types together with voltage stabilisers. All f 
types with the exception of the diode EA76 are built on N 
flat B8D glass bases on which the leads are disposed on | Re 
a pitch circle of 6mm diameter. A 
A 
| oT 
u a r | 
B.LF. OLYMPIA : thermionic valves & electron tubes 
STAND C69 MULLARD NEWS LETTER £6 you are not already on = 
_ the mailing list for this service of advance information on new valves, 
please write to us for full particulars on your business letterheading. Ele 
TYPICAL CHARACTERISTICS he 
bo Length |Filament or Heat Vv. Vg2 Vel i Pout ' of 
Tree patpsign ke. hE ee EES ESE: P. 
DF72 Sharp cut-off R.F. Pentode 41.2 1.25 25 67.5 67.5 0 Be f 1.0 650 — - 
DF73 Variable-mu R.F. Pentod> 41.2 1.25 25 67.5 67.5 0 if 0.8 450 o- - 
DAF70 Single Diode A.F. Pentode 41°2 | 1.28 28 67.5 67.5 0 0.9 0.48 200 _ ny 
DL78 | A.F. Output Pentode 412 | 1.28 | 28 90 90 -3 1.3 0.67 | 800 | 0.047 - 
EF70 High Slope R.F. Pentode with short 38 6.3 200 100 100 -2 3.0 2.3 100 fh wh 
g3’base ma 
EF72 | High Slope R.F. Pentode 38 6.3 180 | 100 100 -14 | 7.0 8.0 200 os 8 
C 
EF73 High Slope non-R.F. Pentode 38 6.3 200 100 100 -2.0 7.6 5.0 250 — we 
mz << > ~_—_—_— 38 | 63 | 180 | 100 — -2.0 | 13 88 | 3.6 |sooMe/s rn 
*EA76 | Single Diode 284 | 6.3 180 | gins} — — |@ax| — _ oe i 
70B1 Voltage Stabiliser §0.7 V burning=70V., Current range=8-15 mA., A.C. resistance =300(). wh 
an 
% 5Smm diameter bulb. Leads disposed on pitch circle of 2.3 mm diameter. t | 
Mc 
(_). INDUSTRIAL POWER VALVES + THYRATRONS + INDUSTRIAL RECTIFIERS + PHOTOCELLS de 
Mullard} FLASH TUBES - ACCELEROMETERS + CATHODE RAY TUBES + STABILISERS AND do 
SH REFERENCE LEVEL TUBES . COLD CATHODE TUBES ELECTROMETERS, ETC. 
MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C2 : - 


MYT63 ni 











h, 1950 





LS 
VD 
'C. 


C2 


63 





= 


Hectronic Engineering 


EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


TELEPHONE: CENTRAL 6565 (10 LINES) 


MANAGING EDITOR: H. G. FOSTER, M.Sc., M.1.E.E. 


TELEGRAMS : LECTRONING, ESTRAND, LONDON 


Monthly (published last Friday of preceding month) 2/- net. 


Subscription Rate : (Home or abroad)jPost Paid 12 months 26/-, or $3.75 (U.S.). 





Vol. 22. No. 265 


The Exact Solution of Transient Distortion in 82 
Networks By D. C. Espley, D.Eng., M.1.E.E. 

Electronic Instruments in Diagnostic Medicine 88 
By H. A. Hughes, B.Sc., A.R.C.S., A.Inst.P. 

Geiger-Muller bear in Industrial Radiography 94 
y O. J. Russell, B.Sc.(Hons.), A.Inst.P. 


New Uses for raguetic Fluids ee ate ar 98 

Make a Photocell ae Ms on Pon 99 

New Radio Link in South Africa . ... 100 

Resistance and Weight of Copper. Wire ... ; 101 
By N. H. Crowhursé 

Automatic Control of R.F. Heaters .. 104 

A Photographic Timer sais wae .. «105 
By C. H. Banthorpe 

105 


Transmitting Magnetic Compass ... ee ae 
By A. Hine, B.Sc. 


CONTENTS 


March, 1950 
Semi-Conductors ae Pe os ... 106 
By E. J. Harris, Ph.D., D.I.C. 
Helium Disappearance in Arc Discharge Tubes 108 
By Michael Lorant 
B.B.C. Television Progress 110 
A Portable Geiger-Counter ... ; 112 
By M. “Spr gg me B.Sc.(Eng. % A.M.L.E. < and 
/@. Jenkins, A.R.C.S., O:1.C.,: Ph.D. 
Binary Counting ‘ 115 
Letters to the Editor ... 116 
Electronic Equipment 118 
Book Reviews 120 
Notes from the Industry 123 
Meetings this Month ... 124 





R.C.E.E.A. 


HAT part of the British radio industry which 

is represented by the Radio Communication and 
Electronic Engineering Association may well con- 
gratulate itself on recent achievements and_ look 
forward to a very busy time ahead. In the words 
of the retiring chairman of the Association, Mr. 
F. S. Mockford, its business is largely ‘“‘ tailor- 
making ”’ for customers, particularly those overseas, 
whose special needs have been so carefully studied 
that in fifty years Britain has kept the lead in radio 
not so much by selling equipment ‘“‘ off the shelf,”’ 
but by making it to meet exact individual require- 
ments. The United States, with a vast home market 
for standardised products, is in a rather different 
position; she may often have standard equipment 
which meets a customer’s wishes, but the British 
manufacturer can meet a_ special requirement 
perhaps rather more easily. ‘‘ If there is an elec- 
tronic valve in it, Britain can make it,’”’ Mr. 
Mockford said. 

It follows that the user of radio equipment— 
especially when he has a bias towards sterling— 
should continually be in the closest consultation 
with the industry, and there can be no better service, 
to the user and to the manufacturer alike, than that 
which the Association provides in its consultative 
and advisory capacity. 

It would appear from instances cited by Mr. 
Mockford that to their own and the manufacturers’ 
detriment, some of our own governmental authorities 
do not always use this service as much as they might. 

Overseas, the industry appears to be able to give 
full satisfaction to the customer in the face of com- 
petition. Customs and Excise figures for the first 
nine months of 1949 showed that the exports of 


broadcast transmitters, communication equipment, 
marine and air navigational aids, test gear, measur- 
ing instruments and industrial electronics were at 
the rate of £3,250,000 a year—nearly double the 1947 
figure—and this takes no account of indirect exports, 
such as installations in ships and aircraft, which, it 
is estimated, would raise the total by 50 per cent 
or more. 

The growing applications of ‘* business radio 
equipment—short-wave mobile communications— 
both abroad and at home, where the Postmaster- 
General is becoming a little less reluctant to grant 
licences, are expected to make this an increasingly 
important part of the industry’s work. There are 
also signs that electronic industrial equipment is 
likely to be in much greater demand. 

The term of office of the new chairman, Mr. V. M. 
Roberts, opens with the tangible signs of a satis- 
factory year in the shape of orders for all types of 
equipment, the most spectacular probably being that 
for the television stations in Scotland and the South- 
West of England. This consists of two 12-kilowatt 
sound transmitters and two vision transmitters each 
with an output of 50 kilowatts, as compared with 
the 35 kilowatts of Sutton Coldfield, which at present 
is several times more powerful than any ether tele- 
vision station in the world. 

The first order from abroad—from the United 
States moreover—for a television transmitter has 
also been announced, and the industry may well 
expect that before the year is out, through its 
unrivalled “ know-how ”’ and workmanship, it will 
be making television transmitting equipment for 
several continents. 

A.R. 
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This paper presents a rigorous 
and systematic method of dis- 
tortion correction in electrical 
networks. The correction net- 
work is derived by inversion 
from a hypothetical simulat- 
ing network which can be de- 
fined exactly and systematic- 
ally from the waveform of 
distortion of the actual 
transmission system. 











(Communication from the staff of The General Electric Company, Limited, Wembley, England) 


known that freedom from distortion can be 

achieved only by the use of transfer characteristics 
of constant amplitude and linear phase shift with fre- 
quency. In the general case departures from the ideal 
can be corrected systematically by a combination 
of amplitude networks, which always contain a phase 
component, and phase networks which may or may 
not include an amplitude component. The necessary 
design information must contain two separate sets 
of data (amplitude and phase) and the complexity 
of the networks is dependent on the order, or rates 
of variation, of the separate distortions. 

The transfer characteristic is defined completely by 
a display of the output waveform (time/ voltage) 
resulting from the application of an infinitesimal 
pulse, or step waveform, of voltage to the input 
terminals of the system. In waveform systems such 
as television and telegraphy it is only this output 
time / voltage characteristic which defines quality of 
transmission. Hitherto, in the absence of a 
systematic method for transient distortion correc- 
tion, Fourier or Laplace transforms would have been 
used to convert information into the steady state 
amplitude and phase forms to permit the use of classi- 
cal network correction, or the system required com- 
plete measurement of these parameters. Consider- 
able skill was required in many cases to resolve the 
steady-state distortions into a number of forms which 
could individually fit the correction curves of net- 
works chosen from a large number of types. This 
additive process was carried on until the system, plus 
correcting networks, produced a satisfactory approach 
to the ideal characteristics. 

For the purpose of the following method the dis- 
torting system can be represented simply by Fig. 
1(a), in which Vo is the desired input signal and 
Va is the distorted output voltage. The transfer 


I: the case of linear transmission systems it is 





* Research Laboratories of The General Electric Company, Limited, 
Wembley, England. 


characteristic is defined as a time function f(t). It 
will be realised that in most actual systems any 
attempt to define f(t) by, for example, a complete 
differential equation is likely to fail because of 
extreme complexity, and very simple cases are not 


worth the effort. of computation. It is now proposed . 


to define the system entirely in terms of input and 
output waveforms of the kind shown in Fig. 1(b), in 
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which V. is shown diagrammatically as a pulse with 
an energy content appropriate to the expected fre- 
quency range of the transmission path. The output 
waveform Va is shown, by way of example, as a 
desired signal appearing after the nominal propaga- 
tion time and followed by a finite series of echoes 
defined by amplitude, time and sign. 

The parameter k defines the ratio of a particular 
echo amplitude to the desired signal. Echoes of a 
form differing from the desired signal may be con- 
sidered as a plurality of overlapping discrete echoes 
of arbitrary signs (a previous paper dealt with the 
simple case of a single discrete echo’). It is now 
possible to remove any single echo”* or any combina- 
tion completely or to a degree considered satisfactory 
for transmission. Fig. 1(b) now defines the distort- 
ing system, and no attention need be given to the 
circuit structure producing the distortion, How- 
ever, this statement seems to give no clue to any 
systematic method for distortion correction, but the 
key has been found in terms of a special concept. 

It is proposed‘ to consider the possibility of a hypo- 
thetical network, Zs in Fig. 1(c), of such a kind that 
the passage of a desired signal current io of the wave- 
form of Vo, will produce across the terminals an 
exact waveform of the system distorted voltage Va. 
It can be shown that, if a second network Zc is con- 
structed, the passage of the distorted current ia, of 
the waveform of Va, will produce across the terminals 
a voltage of the undistorted form V. if the relation- 
ship Z.Z-e = R’ holds. The parameter R is resistive 
and can have any value and Zc is obviously the in- 
verse of Zs. The hypothetical impedance Zs is not 
physically required, as it represents only a systematic 
form of the transfer impedance of the actual distort- 
ing system. The correcting network, or “time 
equaliser,’’ requires to be fed by the distorted current 
of a form delivered by the actual system but, in the 
diagram example, the source impedance must be 
infinite. This limitation can be overcome and, at 
the end of this paper, it is shown how the complete 
correction can be achieved between sources and loads 
of finite resistances. The process of inversion is simple 
in certain cases, but is always possible in the redun- 
dant and non-redundant forms of practical interest. 
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Distortion Simulating Networks 


_If the desired signal current i. is delivered to the 
simulating network Zs from a source of infinite impe- 
dance, then Zs can comprise a series combination of 
networks, each of which produces a single echo dis- 
tortion selected individually from the array of Fig. 
1(b). It is necessary to limit the separate networks 
to a single echo component as otherwise infinite trains 
appear in forms quite different from the determinate 
distortions of Fig. 1(b). 

Series Type I. 

The most direct, but not the most economical, form 
for Zs is shown in Fig. 2, which is a series combina- 
tion of n echo networks, each exactly terminated at 
the input end, all of the same characteristic impe- 
dance Zo, of echo times ty, t2, ts, - - - ta and each termi- 
nated by a resistance so chosen that the single echoes 
are proportioned relatively in accordance with the 
known system distortion. It will be seen that if a 
current of a waveform of Vo is passed between the two 
terminals, then the output voltage waveform appear- 
ing across apparatus of infinite impedance, will com- 
prise an initial pulse followed by a finite train of dis- 
tortion echoes at times t: - - - t: as shown in Fig. 1(b). 
No interaction current or echoes pass between one 
echo network and another as no other finite impe- 
dance is defined between these two terminals and no 
loop secondary currents can flow. 

The terminating resistances Ru, etc., have values 
above or below Z. to produce distortion echoes of 
positive or negative signs repectively. When all these 
terminating resistances are either zero or infinite in 
value the sum of the echo amplitudes, irrespective of 
sign, is equal to the desired signal. In all other 
cases the sum is less and in the limit reaches zero 
when all the terminating resistances are equal to 
Zo. This form of simulating network and the cor- 
responding correcting network are doubly redundant 
in terms of the total time delay in the system and the 
number of associated components. Of course, in the 
simulating networks the physical structure of the 
echo “lines ”’ is irrelevant and the problem of con- 
struction applies only to the corresponding correct- 
ing networks. 
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lateral reflexions. 


Series Type Il. 


In this case, shown in Fig. 3, all the terminating 
resistances are either zero or infinite in value 
dependent on the sign of the required echo. The 
initial and echo pulses across the input terminals 
of each line are equal, but as the distortion echoes 
at the various times differ in value it becomes 
necessary, in the general case, to establish different 
characteristic impedances for the echo lines. This 
condition is not yet sufficient as the echo sum is 
equal to the initial desired signal, and to overcome 
this limitation there is a series-connected resistance 
Re across which is produced simply an initial pulse 
of desired signal form and which can be made large 
enough to reduce the ratio of all echo distortions to 
any desired degree. Simulating networks of this 
kind have only single redundancy as the number 
of components is a minimum, but the total time 
delay is the sum of the delays of all the distortion 
echoes which, in the limiting case, may approach 
the value nts which is n times the optimum value. 
It remains to determine the separate characteristic 
impedances Zu, etc., in terms of the separate echo 
coefficients ki, etc. If the initial pulse has an 
amplitude Vo and the separate distortion echoes V,, 
V:, Vs, ete., then the characteristic impedances can 
be found in the following manner 
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The common parameter Ro can have any value as 
its effect can be controlled by the inversion resis- 
tance R so that the correcting network can be con- 
structed in terms of suitable impedances. 


Cascade Type I. 


It has been proposed elsewhere to devise a 
multiple echo distortion system in terms of a long 
ladder network capable of producing echoes at 
different times by the manipulation of the various 
shunt elements of the structure. This is theoreti- 
cally impossible as the separate echoes in their 
return path to the input terminals pass through the 
various discontinuities which have been located to 
produce other echoes. In these circumstances 
infinite trains of echoes, or reverberations, are 
excited between adjacent and other discontinuities. 
The arrangement is only of interest for those cases 
in which the various echo distortions have very 
small values so that the second, third and higher 
order reverberation terms become vanishingly small 
compared with the required first order echoes. 

This difficulty is overcome completely by the use 
of special cascade simulating ‘networks’ designed to 
permit only unilateral reflexions at the echo points. 
Fig. 4 shows the principles involved in the produc- 
tion of unilateral discontinuities between delay lines 
of the same characteristic impedance. In Fig. 4(a) 
the network is arranged to produce a positive. echo 
from the boundary ma: so that a current I: moving 
from the input end is subject. to a discontinuity pro- 
ducing a positive reflexion current I; and a con- 
tinuing current I:. If the two resistances have the 
values shown, then a current appearing from the 
right-hand side suffers no reflexion at the boundary 
aia: and is transmitted, after attenuation, towards 
the input terminals. 

The slope of the arrows for currents I: and Is is 
shown to indicate transmission of current into higher 
and lower impedances respectively. The assignable 
parameter s can have any value from zero to infinity 
and is chosen to determine the appropriate value 
of the return echo component. Fig. 4(b) shows the 
conditions resulting from the left to right transmis- 
sion of a current I; giving an echo and a continuing 
current. Any current I) transmitted from right to 
left, and taking the form of one or more distortion 
echoes produced from further discontinuities, passes 
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through the circuit shown and emerges with exactly 
the same waveform but with a reduced amplitude 
determined by the parameter S. Figs. 4(c) and 
4(d) deal with the equally important case for a 
negative distortion echo, but it will be observed that 
the attenuations through the circuit in both direc- 
tions are exactly the same as for the positive echo 
case. 

The form of a complete simulating network of 
this type is shown in Fig. 5. This is simply a 
cascade arrangement of any number of the unilateral 
discontinuities of Fig, 4. It will be observed that 
the initial signal current i flowing between the two 
terminals produces a ‘“‘timeless’’ voltage com- 
ponent across R» and a finite array of echo distortion 
components across Ri, Exactly half of the current 
i flows into the delay system and discrete distortion 
echoes are produced at each discontinuity from 
which they are transmitted, after attenuation at 
each discontinuity, back to the input termination R: 
where the perfect termination prevents return cur- 
rents and hence higher order reflexions. 


It is not strictly necessary to include the resis- 
tance Ro as the two resistances at each discontinuity 
can be adjusted to give any desired reflexion co- 
efficient, but it will be seen later that, when con- 
sideration is given to the inverse correcting net- 
works, the appearance of Ro at this stage provides 
a useful, and sometimes necessary, facility. Cascade 
networks of this kind are of great interest as they 
are entirely non-redundant with regard to the total 
time delay which, in sum, is no greater than the 
time displacement of the final echo distortion com- 
ponent. However, this Type I network is redundant 
in components, but it is only by the use of this 
structure that an arrangement can be achieved with 
constant characteristic impedance for the delay 
lines which, when expressed in terms of the actual 
delay lines in the correcting network, gives a great 
practical advantage. 

The impedance into which I2 flows is :— 
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which produces a reflexion coefficient at the ama: 
boundary of (S/1 + S$)’. The attenuation (voltage 
or current ratio) for both directions of transmission 
is (1/1 +S). If the resistance networks are 
arranged in forms appropriate to the signs of the 
required echoes then the reflexion coefficients and 
attenuations are independent of the signs. 

In a multiple echo simulating network the echo 
components, arriving at the input terminals, have 
suffered an overall attenuation due firstly to the 
progressive attenuations of the initial pulse and the 
cascade attenuations of the returning echo. If 
parameters $.S: - - - - S. have been assigned to the 
various discontinuities, then the currents in the delay 
lines are :— 
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and the echo currents arriving back at the input 
terminals are :— 
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In a practical ints the coefficients uk: - - - - ku 
are given from the actual system distortion, and the 
parameters SiS: - - - - S. can be found progressively 


from the above equations, starting at the first which 
yields S:, the second which yields S:, and so on. 


Cascade Type Il. 

The maximum simplicity of a unilateral discon- 
tinuity is achieved by the arrangements of Fig. 6, 
which covers the case of any assigned characteristic 
impedances for the delay lines. The symbols have 
the same significance as in Fig. 4. 
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The corresponding simulating network is shown in 
Fig. 7 which is entirely non-redundant and repre- 
sents the maximum economy which can be achieved 
with regard to total delay time and the number of 
associated components. 

The impedance into which I: flows is z = Zo (2S—1) 
for positive reflexions and z=Z (S/2S—1) for 
negative reflexions, both of which give reflexion 
coefficients of (S—1/S). The attenuation (voltage 
or current ratio) for both directions of transmission 
is 1/S or unity as indicated in Fig. 6. The form of 
the resistance arrangement must be chosen in accor- 
dance with the required sign of reflexion. 

It is not possible to define a single general form 
for the initial current amplitude in the various delay 
lines, but an illustration can be given for an echo 
system in which the echo signs are, for example, 


id Se bill dh a od Je a et 
I 
hh (1/8) 
I: (1/S:82) 
I, (1/ S:S:) 
I (1/ S:S2S;) and so on. 


It will be observed that no forward attenuation 
takes place (on a current ratio basis) through a 
discontinuity of negative reflexion coefficient. 

The echo currents at the input terminals are 
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Distortion Correcting Networks 
(** Time Equalisers ”’) 


It is now possible to derive the four types of 
correcting networks which appear by inversion of 
the appropriate simulating impedances Zs with 
respect to an assignable resistance R. These are 
the networks of various complexities which must be 
constructed in suitable forms and in a manner appro- 
priate to the frequency range occupied by the signals. 
These networks Z. satisfy the conditions for perfect 
correction defined simply in Fig. 1(c), but instead 
of requiring connexion to a simulting network they 
will actually be applied at a suitable point in the 
real distorting system. The distorted output cur- 
rent of the system is, in effect, to be passed between 
the two terminals of these correcting networks Zc, 
to produce across the terminals a voltage exactly 
of the waveform of the original voltage Vo. 

As drawn, these networks require the application 
of a voltage of the distorted form from a source of 
infinite impedance to provide a current of exactly 
the voltage form. In many practical cases, and 
particularly at low frequencies, it is often possible 
to approach this condition to a satisfactory degree, 
but the problem of connexion to sources and loads 
of finite impedance is dealt with later in this paper. 
Series Type I. 


The correcting network of Fig. 8 is exactly the 
inverse of the simulating network of Fig, 2, and it 
should be noted that aspects of redundancy apply 
equally to correcting networks and to the corre- 
sponding simulating networks. 
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Correction Networks between Finite 

















































































































Impedances. 
R2 R2 Re Re R2 
, eS ee It has been shown that the use of a “ timeless ”’ 
: ao peeves Eon resistance R» in the simulating network gives a shunt 
? = g 3 resistance between the terminals of the correcting 
% z F3 z network. Fig. 12(a) shows this arrangement for Zc, 
7 i 1 but no change in the value of Ze is introduced by 
5 the connexion of two resistances Ra and Rv as in 
i ‘| Fig. 12(b). The distorted current source of Fig. 
i 6 — oy . transformed in known manner to the 
i ; distorted voltage source of Fig. 12(c) in which R, 
: Me. See) Ze peenenn at Dts Ser and R» now represent the di. Sho 7 source and 
load respectively.’ This is perhaps the optimum 
It has been stated above that a simulating net- — for " x on network and it makes possible 
i work produces a finite array of distortion echoes <aation nae por se = el ie pier 
t i . eee . é é Y ; = "Ss, é ( 
i <n ge i eS waveguides of known impedances. If long but 
cetacting petiole: think: anand top a: sale pales or peng circuits are included between 
produces infinite trains of pulses, or reverberations, ne actual source and load, then it is essential in 
of all orders and which persist for all time. : 
Series Type Il. ’ |" 
The correcting network of this type is shown in 2 z 
| Fig. 9 which is the exact inversion of the simulating ¢~-~~~[-~-~~~~~-7~ Te pe ee eae os sata. 
' network of Fig. 3. It is the more important of the ; ty : 
(2) | series types if a variable Z. can be tolerated. Other- | a aa : 
/ wise the network of Fig. 8 must be used and the |R2 ; +a ' 
' absence of a shunt resistance can be overcome by !R5 oe : . eh DELAY ir, ; 
ize : : : : ' = SYSTEM 
| introducing an appropriate R. in the Series Type I | — 
_ simulating network by manipulating the terminat- | od ' 
| ing resistances Ru, Rn, Ra, etc., to give higher ter- | a: ; 
; minal reflexion coefficients. SSLeRpee te eee 2 &---------$--------- 
| Cascade Type I. 2 
The correcting network of Fig. 10 is the inversion COLE RR = RG 
of the network of Fig. 5 and is perhaps the most 
useful of all correcting networks as it is non- Bl ig 7 aa ais q 
s of ‘| redundant: in time delay and has constant charac- ' AWWW 4 ' 
n of | teristic impedance throughout. The redundancy in ' . ar | 
with | components (junction resistances) is not important : : ; atk 
are | as they aa represent very small additions of ' ' DELAY ' = 
t be | space and cost. } S i SYSTEM 1 Pps | 
on | Cascade Type II. 1 Eg*Re ly ; = 
fe - The correcting network of Fig. 11 is the inversion 
ect i ; . 
we of the network of Fig. 7 and is completely non- : Joa |e : : 
. . . T T ' 
hey redundant from all points of view. It differs from ' ! ' ! 
Pel the network of Fig. 10 insofar as the manipulation “SouRcE aah hag 
Peseua of echo coefficients cannot be achieved without 
eon changes in characteristic impedances. This may not Fig. 12. The use of correcting networks between source and load 
Z. be of importance in connexion with a system in which of finite resistances 
otly echo distortions are not subject to variation. It is (a) Top left (b) Top right —(¢) Below 
very difficult to contemplate delay lines of variable 
— impedance and very few fixed values are available. this arrangement that they should both be 
aa accurately terminated at their ends remote from the 
stly delay system and should have characteristic 
we. 4 impedances R. and Rp» respectively in order to 
‘ble a2 a2 n2 satisfy the equivalence to Fig. 12(a) as a safeguard 
im a  hae-- against unwanted high order echoes. 
ads L -t tyt pti, 
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in Diagnostic Medicine —part 1 


By H. A. HUGHES, B.Sc., A.R.C.S., A.Inst.P* 


Electrical Stimulation 


LECTRICAL stimulation of the brain during 
surgical operation provides a valuable method of 
identifying the sites of certain brain disorders. 
Stimulation may be classified according to the type of 
current delivered as follows: (i) interrupted D.c.; (ii) 
capacitor discharge; (iii) sinusoidal wave; (iv) induc- 
tion coil; (v) multi-vibrator output; (vi) thyratron 
discharge. The first two are not used clinically, and 
the output of an induction coil is variable in voltage, 
frequency and wave shape. The last two methods are 
both satisfactory as the output can be varied over 
a wide range of frequencies and wave shapes. ; 
Ritchie” has described a multi-vibrator circuit 
using small power valves arranged so that one valve 
provides the stimuli, each being independently con- 
trolled by simple switching. The valves operate in 
one or another of two mutually exclusive conditions; 
one when the grid is highly negative and the anode 
current is cut off, and the other when the grid is 
at cathode potential, or slightly positive, with the 
anode current limited by load line and valve para- 
meters. A basic circuit diagram is shown in Fig. 8, 
while a photograph of a commercial instrument— 
manufactured by Multitone Electric Company, is 
shown in Fig. 9. Brian Denny” developed a more 
elaborate apparatus which aimed at providing the 
means of determining the response to electrical 
stimulation of muscle and nerve (chronaxie measure- 
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ment) and of applying electrical treatment of known 
character and dosage. 

The thyratron is capable of handling more current 
than a vacuum valve because of the ability of the 
gas to ionise and thus become highly conductive. 
The voltage drop (10-15 V) across the valve is 
practically independent of the current through it. 
The anode voltage necessary for ionisation increases 
with the negative grid voltage. When the gas 
ionises, the valve continues to conduct as long as 
the anode voltage remains above the de-ionisation 
point, usually 10-15 V. A capacitor can be charged 
through a variable resistor (see Fig. 10 for basic 
circuit of a thyratron stimulator) until the ionisa- 
tion voltage (about 150 V) is reached. The valve 
then fires and the capacitor is suddenly discharged 
through the transformer primary, producing a 
sharply peaked output in the secondary. When the 
de-ionisation point is reached the valve ceases to 
conduct, the capacitor recharges, and the cycle 
repeats. The reliability and versatility of such a 
device is obvious. |The breakdown voltage is in 
quite constant relation to the grid voltage, so that 
the discharge of a capacitor in the grid circuit 
through a variable resistor provides an accurate 
method of electronic timing. The frequency may be 
changed without affecting the wave shape by vary- 
ing the charging resistor. Wave shape may be 
modified by putting a capacitor across the output. 
A single impulse may be produced by applying a 
small positive voltage to the grid, reducing the 
ionisation voltage momentarily. A versatile elec- 
tronic stimulator for research on nerve and muscle 
has been described by Nastuk and Borison,™ which 
operates on the same principles. 
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Nerve and Muscle Action Potentials—Electromyography 


Nerve fibre is a tissue in which some of the pro- 
perties of living matter, especially conductivity and 
excitability, have become developed to an excep- 
tional extent. If a nerve fibre is stimulated elec- 
trically, the rate of travel and magnitude are 
independent of the strength of the stimulus, and 
depend only on the state of the nerve at the point 
under consideration. In any particular fibre, 
stronger stimulation causes only an increase in the 
frequency of the potential waves. The record of 
potentials arising after stimulation consists of a com- 
plex series of transients, having a peak potential 
(from human subjects) of about 1.0 mV, with other 
signals about 50 #V, and duration of about 1 milli- 
second. (See Fig. 11, taken from the section on 
nerve excitation by Curtis and Cole in ‘‘ Medical 
Physics,”’ where a full bibliography is to be found). 
The action-potentials of muscle fibres are similar in 
shape to those of nerve fibre, but are larger and 
slower. Records of action-potentials from volun- 
tary muscle can give useful information on the nature 
and position of certain pathological processes. 


A technique commonly employed in £.M.c, work 
is to insert a concentric electrode made of a fine 
wire running through the centre of a hypodermic 
needle into the muscle. The barrel of the needle acts 
as a shield, and the wire picks up activity from a 
radius of about 1 mm. The electrical potentials 
may be amplified by standard £.£.c. amplifiers, and 
indeed most commercial apparatus may be modified 
for the measurement of any type of bio-electric 
potentials. A simple apparatus in use at Guy’s 
Hospital has batteries throughout, and presents the 
record on a cathode-ray tube, and also feeds the 
output into a loud speaker. The detection of small 
differences in duration and frequency are more 
easily assessed by auditory than by visual methods. 


Heart Potentials—Electrocardiography 


In 1856, Kolliker and Muller showed that electrical 
phenomena occur during heart action by observing 
rhythmic contractions in a nerve-muscle preparation 
placed in contact with a beating heart. Subse- 
quently it was proved that, due to the voltages 
arising in the heart, currents flow in an infinite 


have different potentials at the same instant because 
they are not equidistant from, or are not similarly 
located with respect to voltages present in the heart. 
The arm and legs, although directly continuous with 
the torso, do not serve as an integral part of the 
conducting medium, but behave as linear con- 
ductors. As the flow of currents into the trunk does 
not extend for any appreciable distance into the 
arms or legs, the electrical potential is the same for 
all points of a single extremity. A record of the 
potential between any two points is called an electro- 
cardiogram. The electrical effects which occur 
during the action of the heart are closely related 
to auricular and ventricular systole (period of con- 
traction of the heart). Three basic groups of waves 
appear in most tracings (see Fig. 12). The P wave 
is due to electrical activation of the auricle which 
immediately precedes auricular contraction; the 
QRS group is similarly related to ventricular con- 
traction; the T wave is due to electrical recovery or 
repolarisation in the ventricular muscle. The fre- 
quency components range from about 1-1,000 c/s. 
It is obvious that in cases of a heart disease which 
interferes with the dilation and contraction of the 
heart, the waveform of the whole tracing may be 
altered in one or two ways: (i) the intervals between 
groups of waves may change, while the individual 
groups themselves may remain constant in wave- 
form; (ii) the waveform of any group may be altered. 
Thus a study of the electrocardiogram is important 
in the diagnosis and management of patients with 
heart disease. 


As in electroencephalography, all early work was 
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done with a Lippmann capillary electrometer and 
later with the Einthoven string galvanometer. Many 
other types of electrocardiographs have been 
developed since the introduction of the original 
string galvanometer. Nearly all these instruments 
use some form of mirror galvanometer of compara- 
_ tively low sensitivity in conjunction with an ampli- 
fier using thermionic valves. 


An early circuit was used by Matthews” for record- 
ing electrocardiograms in which the amplifier was 
single-sided. Many other £.c.c. amplifiers used 
single-sided circuits, but in view of the considera- 
tions stated by Parr and Grey Walter’ they may 
be considered obsolete. As stated in the previous 
section, standard £.£.G. apparatus can be used to 
record electrocardiograms. A photograph of the 
Cossor instrument is shown in Fig. 18. The ampli- 
fier has a balanced input stage, the bandwith is 
0.1-100 c/s., and the maximum voltage gain 250,000. 

A point regarding the time constants of £.c.c. 
amplifiers has been discussed by Dawson.” He 
showed that the reproduction of £.c.G. and E.E.G. 
waveforms can be seriously modified by the phase 
shift in several capacitor-coupled stages. A D.C. 
amplifier is not satisfactory because relatively large 
and slowly-changing muscle potentials would mask 
the desired record. The ideal amplifier should have 
the overall time-constant all in one coupling, other 
stages being direct-coupled. 


Many workers who realised the unique properties 
of the cathode-ray tube adapted it to E.c.c. work. 
Among the first were Schmitz” and Matthews,” who 
used the c.r. tube merely as a recording device and 
not as an oscilloscope. Robertson and Bedford” 
devised an apparatus where the c.r. tube was 
employed as an oscilloscope, and had a long after- 
glow screen, which permitted direct visual observa- 
tion of the electrocardiogram. Donovan” has des- 
cribed a_ phono-electrocardioscope which  incor- 
porate a double beam c.r. oscilloscope fitted with 
long afterglow screen, which permits simultaneous 
and constant viewing of a pair of phenomena such 
as the phonocardiogram and electrocardiogram. 


Heart Sounds—Auscultation 


Cardiac action also gives rise to mechanical 
vibrations of a composite nature which depend upon 
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the heart itself and the paths along which the 
vibrations travel. There are relatively gross move- 
ments and a series of finer vibrations. The gross 
mechanical movement due to the apex beat of the 
heart appears to have no clinical importance. How- 
ever, some of the finer vibrations reach an audible 
frequency, and the groups of waves and their form 
again prove an invaluable aid to the physician in 
his diagnosis of heart disease. Listening to sounds 
of the body for the purpose of diagnosis is known 
as auscultation. An instrument for cardiac auscul- 
tation whether it be a simple stethoscope or a more 
complicated valve amplifying type is nothing more 
than a hearing aid. To get maximum benefit from 
the use of such an aid, a knowledge of acoustics 
is desirable. In an excellent paper on the physical 
and physiological laws that govern auscultation, 
Rappaport and Sprague” enumerate the various 
factors involved in the problem. From their results 
they conclude that the human ear in auscultation 
has many faults. The acoustic stethoscope does not 
correct for the characteristics of the ear, and does 
not lend itself to any great radical improvements 
in design. For such improvements, electrical 
amplifying devices are necessary. An_ objective 
method which can be directly measured would seem 
to provide the answer. But physicians spend many 
years acquiring their auscultatory technique, and 
this cannot be discarded for some new method which 
may be difficult to correlate with previous experi- 
ence. The solution arrived at by Donovan” is that 
the sensation of hearing should be correlated with 
an objective reality, viz., a graphic registration of 
heart sounds, or phonocardiogram. In order to 
time accurately the events of the cardiac cycle, an 
electrocardiogram occurring simultaneously should 
accompany a phonocardiogram, and his apparatus, 
the phonoelectrocardioscope, is designed on these 
principles. 


The sounds of interest in auscultation are made 
up of frequencies below 1,000 c/s. The low fre- 
quency limit of heart sounds and murmur com- 
ponents is estimated to be 5-10 ec/s., although 
30-40 c/s. is the lower limit of audibility. In design- 
ing an amplifying stethoscope the following factors 
must be taken into consideration: (i) the apparatus 
must be capable of faithfully reproducing sounds of 
the above freauencies, (ii) it must be free from 
pick-up due to external electrical wiring, etc.; (iii) 
it must be free of inherent noise; (iv) the sound 
volume should be controllable: (v) it must incor- 
porate devices which can overcome, whenever 
possible, the natural human ear defects which inter- 
fere with auscultation. 


The heart sounds are picked up by a piezo-electric 


microphone. The fundamental frequency of the 
bimorph crystal incorporated is approximately 
10 ke/s. This frequency is lowered to a few 


thousand c/s. when a diaphragm is coupled to the 
crystal, but this is still much higher than the upper 
frequency limits encountered in auscultatory work. 
A crystal element has freedom from parasitic noises, 
is sensitive, requires only electrostatic shielding, and 
there is no necessity for a coupling transformer. 
The amplifier is resistance-capacitance coupled, 
and fitted with frequency-discriminating circuits 
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which enable the investigator to accentuate or 
attenuate at will either high or low frequencies. 
The valves used are of the u.F. pentode type and 
give great amplification. A gain control is incor- 
porated between the first and second valve. Two 
different types of frequency discriminating circuits 
control the frequency response of the amplifier. 
They depend for their action on the fact that the 
frequency response of the amplifier at the low fre- 
quency end of the amplifying band is directly 
dependent upon the magnitude of the coupling 
capacitors to the rest of the circuit, and the response 
at the high frequency end of the amplifying band 
in inversely dependent upon the magnitude of the 
shunt capacitance in relationship to the circuit 
resistances. In order to couple an electrical stetho- 
scope to the amplifier without disturbing the 
operation of the c.R. oscillograph and at the same 
time provide a separate sound volume centrol, a 
tone-compensated gain control is used. This helps 
to correct for the deficiency in the human ear, in 
which the auditory sensation produced by complex 
sounds may be decidedly different in character as 
well as intensity when the stimulating level is 
increased or decreased. 

Donovan’s £.c.c. amplifier was single-sided and 
consequently he experienced trouble from mains 
interference. However, it proved satisfactory for 
recording sounds. 


Pulse Waves—Sphygmography 


Donovan’s apparatus was also designed for the 
registration of the arterial and venous pulse waves, 
known as a sphygmogram, which may be necessary 
for a complete analysis of all events of the cardiac 
cycle. A piezo-electric attachment of the type des- 
cribed by Rappaport and Sprague” could be sub- 
stituted for the patient in the electrocardiographic 
section of the apparatus to record the sphygmogram. 
This consists of the heart sound microphone mounted 
in an air-tight housing connected to the pick-up 
device over the point at which the pulse is to be 
measured. The microphone is shunted by an 
external capacitance to make the _ time-constant 
sufficiently long to record the low frequency pulse 


waves. 


Fig. 13. Cossor 
electro-cardio- 
graph, model 1314 
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Heart Rate—Cardiotachometry 


In some physiological studies it is necessary to 
have a continuous record of the heart rate. An 
example is in the study of physiological events pro- 
duced by sudden exposure of man to high accelera- 
tion in aviation medicine. Two methods of deter- 
mining heart rate from electrocardiograms or 
sphygmograms are (i) to measure the number of 
beats occurring during a given time interval, or (ii) 
to measure the time interval between corresponding 
points of successive cardiac impulses. The first 
method gives only an average rate over a period 
of time and the second is laborious and time- 
consuming. An instrument has been developed by 
Sturm and Wood” which continuously records the 
heart rate by means of electronic measurement of 
the time intervals between successive heart beats. 
The instrument is activated by the R wave of the 
electrocardiogram, and is known as a cardiotacho- 
meter. The device includes an electronic circuit 
which deflects a galvanometer at a constant rate. 
The swing of the galvanometer is interrupted and 
returned to the zero position by the R wave of the 
electrocardiogram. Thus each galvanometer de- 
flexion is proportional to the time interval between 
successive R waves and is inversely proportional to 
the heart rate. 

The circuit diagram of the instrument is shown 
in Fig. 14. The inverted R wave is fed into a 6:5 
valve with a parallel resonant circuit tuned to 
15 c/s. in its anode circuit. This accentuates the 
15 c/s. component of the electrocardiogram complex 
and discriminates against lower and higher fre- 
quencies such as occur in the T’ wave complex. The 
amplified R signal produces a positive increment of 
voltage on the grid of an 884 thyratron, normally 
biased so as to be, non-conducting. When this valve 
becomes conducting it discharges a 0.1 “F capacitor 
connected to the anode, which extinguishes the 884. 
The discharge of the capacitor takes place quickly 
through a 1,0002 resistor, and the voltage drop 
across this resistor is impressed through a capacitor 
on the grid of another 884 known as a ‘“ metering 
valve.”’ Since the signal across the 1,000° resistor 
at each discharge is always the same in amplitude 
and duration, the second 884 receives a constant 
actuating potential regardless of the amplitude or 
duration of the R wave which originally initiates 
the phenomenon. The metering 884, also biased so 
as to be non-conducting in the quiescent state, has 
a 4 #F capacitor and a voltage divider of 7 megohms 
total resistance across it. The large time-constant 
of this circuit makes the charging of the 4 uF 
capacitor very slow, and in fact over the period 
of time involved between successive R impulses, the 
charging is also nearly linear. A 6H6 rectifier is 
connected from the anode of the metering 884 to 
the main voltage divider to limit the final voltage 
to which the 4 #F capacitor will charge. This avoids 
damage to the valve voltmeter which indicates the 
voltage across the voltage divider of the 4 #I 
capacitor. The valve voltmeter is a differential cir- 
cuit type using a 6N7 double triode. This circuit 
also accommodates the galvanometer zero-setting 
voltage. 
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\Fig. 14. Circuit diagram of cardiotachometer 


Heart Volume Changes—Plethysmography 


Rhythmical changes in electrical properties of the 
intact human subject have been noticed when alter- 
nating current of various frequencies was passed 
through the subject. Recent work by Nyboer™ and 
others showed that the electrical impedance changes 
associated with each heart beat were the result of 
a pulsatile volume change in a given body segment. 
The method consists of passing a low voltage R.F. 
current through the body and detecting the modified 
R.F. potentials, the envelope form of which repre- 
sents essentially a volume pulsation of the segment. 
The form of the impedance pulse or plethysmogram 
often is modified by disease and by artificial 
mechanical factors influencing the blood flow to a 
given segment of the body such as a digit, and hence 
the method is a useful diagnostic measure. 


The procedure has distinct advantages over other 
plethysmographic methods for it can be applied any- 
where on the body and has no known physical effect 
on the factors. producing the pulse. Since the 
method is electrical, registration can be carried out 
with inertialess systems. 


Blood Flow Velocity 


A measure of the velocity of blood flow is useful 
in the examination of cardiac patients and of those 
with endocrine disturbances or pulmonary disorders 
which impair the flow of blood through the lungs. 
Various methods have been devised, most of which 
depend upon the measurement of time taken for 
some specific indicator inserted in the blood vessel 
to travel a certain distance. In many cases this 
involves opening the blood vessel concerned, a pro- 
cedure which is generally undesirable. 

An electromagnetic flowmeter has been described 
by Kolin” which, it is claimed, has not this dis- 
advantage and, in addition, it faithfully records 


rapid changes in blood flow occurring during each 
cardiac cycle, thus making it possible to record an 
instantaneous velocity pulse. The principle of 
operation depends upon the fact that a potential 
difference is created across an electrical conductor 
which is moving across the lines of force in a mag- 
netic field. The p.p. is directly proportional to the 
speed of motion of the conductor, and independent 
of the nature of the conductor. The unopened blood 
vessel is placed within a uniform magnetic field with 
the axis of the vessel at right angles to the direction 
of the field. The portion of the vessel included 
between the poles of the magnet is enclosed in an 
insulating sleeve through which two non-polarisable 
electrodes are led, and placed in contact with the 
vessel wall at points diametrically opposite and in 
a line at right angles to both direction of field and 
long axis of vessel. To record absolute rate of flow 
as well as changes in flow a direct-coupled amplifier 
would normally be needed. . Since difficulties due to 
instability arise with D.C. amplifiers, the input from 
the electrodes is fed into a 50 c/s. interruptor and 
thence into a resistance-capacitance coupled ampli- 
fier. Thus the ‘amplifier output consists of a 
modulated 50 c/s. tracing, the lower peaks forming 
an approximately straight base line, and the upper 
peaks delineating the velocity pulse. The amplifier 
has an overall voltage gain of 1,000, there being 
two stages using 6sJ7 and 6c5 valves. The time 
constant of the coupling circuits is about two 
seconds, this being sufficiently long to ensure 
adequate response and a steady base line. 


Photo-electric Cells 


Photo-electric devices have been widely used in 
biochemical and pathological investigations. Colori- 
metric problems, in particular, have been aided by 
such devices. One such problem is the measure- 
ments of oxygen saturation of the blood, an impor- 
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tant factor which varies with disease. The prin- 
ciple of operation of photo-electric ‘“ oxygen-in- 
blood ’? measurements is that in the red region of 
the spectrum, reduced haemoglobin (the oxygen 
“carrier ”’ of the blood) absorbs a greater amount 
of light than oxyhaemoglobin (the actual compound 
of oxygen and haemoglobin), and thus a variation 
of red light absorption indicates a change in the 
ratio of oxygenated to reduced haemoglobin. 
Kramer” and Matthes” did the fundamental work 
in blood oximetry, and their technique was applied 
by Hartman and McClure* to continuous measure- 
ment of oxygen in blood flowing during the course 
of an operation on an anaesthetised patient by 
colorimetric measurements of red light passing 
through the first interdigital fold of the hand. The 
transmitted beam of light fell on a high vacuum 
photocell, the output of which was amplified to give 
the required indication. 


Apart from the drift due to instability of the D.c. 
amplifier, the most serious limitation of the mono- 
chromatic method is drift due to variations in (1) 
tissue thickness, which affects the amount of light 
absorption by the tissue itself, (ii) the amount of 
blood in the optical path, (iii) total haemoglobin 
in the optical path, (iv) vasomotor changes caused 
by fluctuations in blood pressure, which wouid affect 
factor (ii). Other workers have recognised the dis- 
turbing effects of these ‘‘ volume” variables and 
have attempted to correct for them. Squire” and 
(roldie® standardised their instruments by rendering 
the tissue bloodless, whereas Millikan” compared 
the fuliy flushed ear with an optical filter. A 
modification of the Millikan method has been des- 
cribed by Hartman.” A unit which can be attached 
to the ear contains two miniature photocells, a small 
lamp and two colour filters, red and green. Light 
transmitted through the pinna of the ear is measured 
in two spectral regions. The ‘‘ red” cell photo- 
current reflects changes in the oxygenation of the 
blood together with the “‘ volume ”’ variations men- 
tioned above. The “ green’’ cell photocurrent 
reflects only “‘ volume ”’ variables, because in this 
spectral region the absorption characteristics of 
oxyhaemoglobin and reduced haemoglobin are 
similar. The two photocurrents are connected in 
opposition, and the difference signal fed into a con- 
tact modulated amplifier of the type described by 
Liston Quinn, Sargeant and Scott.” In this type 
of amplifier the signal is broken up by an input 
breaker so that it is applied alternately between 
the two halves of an input transformer primary 
winding. The secondary winding of this transformer 
feeds into a tuned r-c coupled amplifier. The 
amplified signal is then rectified by an output 
breaker synchronised with the input breaker to 
produce a_ unidirectional output current. This 
synchronous rectification allows only those voltages 
of the same frequency as the input breaker to 
produce a D.c. output signal. The use of a normal 
alternating current amplifier avoids the drifts due 
to valve characteristic and supply voltage changes, 
always troublesome in D.C. atk dliens. 


Photo-electric colorimeters can be used for turbi- 
dimetric determinations just as readily as for 
colorimetric procedures. The basis for the calibra- 
tion of these methods, which depend on the develop- 


Electronic Engineering 


93 


ment of a uniform turbity rather than a colour, is 
a solution of standard turbidity. There are many 
applications of this method, in particular, Joslyn” 
and McMahan“ have used it for penicillin assay. 


Conclusions 


Electronics in diagnostic medicine covers such a 
vast field that in this article only some of the more 
interesting and important applications have been 
dealt with. 


The application of radioactive isotopes in diagnos- 
tic problems has already been mentioned in a 
previous paper by the author,’ and it has been 
thought unnecessary to deal again with the measure- 
ment of their radiations. Similar problems of 
instrumentation encountered in the use of X-rays 
in diagnosis, are also common to measurements of 
therapeutic dosage, again mentioned in the same 
paper. 

Although it would seem that technical advances 
in circuitry and thermionics have been of immense 
benefit to instrumentation in medicine, there is in 
fact a long time lag between the discovery of any 
particular technique and its incorporation into an 
instrument of use to the medical profession. The 
physiologist, or whoever may be interested, is rarely 
in a position to dictate a line of research, usually 
because of commercial considerations. This often 
means that they themselves must carry out their 
own electronic development, a state of affairs which 
is unsatisfactory to say the least. If electronic 
engineers were acquainted with those problems con- 
fronting the medical profession which require their 
specialised knowledge, perhaps more of them would 
be attracted to the service of medicine. Facilities 
for their work would most certainly be made avail- 
able, for the medical profession is aware of the 
value of their prospective contribution. 


I am indebted to Mr. A. Nightingale for his helpful 
criticism of this paper. I also wish to express my 
appreciation to those firms who have provided photo- 
graphs of instruments which are shown in the article. 
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Geiger-Miiller Tubes in Industrial Radiography 


By O. J. RUSSELL, 


HE Geiger-Miiller tube, largely as a result of the 

great development of applied Nuclear Physics, 
has become a standard commercial product, avail- 
able as a stable dependable device in a wide variety 
of specialised types.’ As a result, the research and 
industrial applications of the peculiar advantages of 
the G.m. tube is rapidly advancing in many branches 
of investigation. While isotope tracer applications 
are widely recognised and appreciated, there are 
certain other applications which are of direct indus- 
trial importance. Industrial radiology is one parti- 
cular field where G.m. tube techniques offer special 
advantages. 


Industrial Radiology 


The great sensitivity of the G.m. tube as a detector 
of radiation, even down to a single high-energy 
quantum, enables conventional photographic methods 
of radiography to be replaced advantageously by 
techniques employing G.M. tubes. It should be 
clearly realised that the G.m. tube does not render 
photographic methods obsolete. For some applica- 
tions it has a very clear advantage over photographic 
methods, so that it is likely altogether to supplant 
them. In other radiological fields photographic 
methods are supreme, while there is a considerable 
range of applications for which photography and 
the G.M. tube are of roughly equal value. However, 
even in cases where photographic methods are 
employed, it is possible to use the G.m. tube as a 
helpful adjunct, enabling more reliable radiographs 
of closely standardised contrast and density to be 
obtained. 


G.M. Tube Exposure Meter 


One particular difficulty in the radiography of 
large castings, whether by X-rays or by Gamma- 
rays from radium or other radioactive sources, is the 
adjustment of the exposure time. Where such radio- 
graphy is a regular routine, exposure tables based 
upon the parameters of metal thickness, metal com- 
position and type, kilovoltage and X-ray tube 
current, or radium source strength and distance, are 
used. These procedures are largely empirical, and 
generally inconvenient. In the case of radon sources, 
an irritating complication is the decay of strength of 
the source, so that the source strength is often un- 
certain, while in any case its effective value must be 
calculated from its initial value at the time of pre- 
paration from the radium source. The initial value 
itself may only be an estimation, as a source may 
be prepared before the parent radium has attained 
effective equilibrium with its own decay products. 
This difficulty, peculiar to the use of short-lived radio- 
elements, will also be experienced when compact 
gamma-ray sources of pile fission products are used 
in radiography (Fig. 1a). 

The G.m. tube thus finds an ideal application in 


B.Sc.(Hons.), A.Inst.P. 





FILM CASSETTE 


Fig. la. Typical 
set-up for con- ~ 
ventional Gamma 
radiograph. The 
source-to-film dis- 
— is neces- 
sarily large, in a 
order to obtain ~ 
well-defined 
radiographs. This 
results in a long 
exposure time. 





yey 


CASTING FOR 
RADIOGRAPHING 


RADIUM SOURCE 











Fig. Ib. Set-up for 
G.-M. tube inspec- 
tion. The close- 
ness of the source 
enables a further 


RADIUM 


—o*e 











gain of sensitivity PULSE 

due to the high 

aie wl FORMING 
sity, — os CIRCUITS 

rom t 

consitivity of "the H.V. SUPPLY; 











G.-M. tube. 


COUNTING RATE METER 











providing the basis of gn exposure meter giving a 
definite indication of the required exposure time for 
a perfect radiograph. Once calibrated, such a device 
enables the required exposure time to be evaluated 
from a single reading, and the exposure can be made 
in the confident expectation of a standard density 
radiograph, thus facilitating comparisons between 
members of a series of radiographs taken at different 
times. The intensity of radiation passing through a 
sample to be radiographed may be detected by a 
G.M. tube. The pulse output of the tube can be 
made to operate a meter, by means of an averaging 
circuit. The meter reading can then be converted 
to the exposure time by means of a calibration chart. 
Such types of averaging meters, giving a reading of 
the average rate of pulses, are in effect specialised 
frequency meters, as in the case of radiation measure- 
ment the pulses are distributed at random about the 
mean value. They are described in the literature as 
‘* rate-of-count ”’ meters or “‘ integrators ”’ (Fig. 1b). 

The G.mM. tube exposure meter has several clear 
advantages in the field of industrial radiography. 
The tube being in the position to be occupied by the 
photographic plate renders the system independent of 
the geometry of the set-up. Furthermore, as the 
intensity of the transmitted X-rays is the quantity 
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determined, the reading is quite independent of the 
materiai to be radiographed, and the calibration chart 
suffices for all types of sample. The ‘“‘ exposure 
tables”? based upon considerations of the absorption 
of incident X-rays, as normally employed, must be 
drawn up for every different class of material to 
be employed. One factor rendering the G.m. tube 
“exposure meter ”’ especially sensitive should not 
be overlooked. The photographic plate response is 
logarithmic, whereas the response of the G.m. tube 
is linear. A small percentage change of intensity 
will thus cause a proportionate change in the G.m. 
operated ‘‘ ratemeter ”’ indication. | However, the 
change in density of the developed film will be pro- 
portional to the change in the logarithm of the in- 
tensity, and this will be much smaller than the 
intensity. The G.m. charge tube exposure meter is 
thus more sensitive to small changes than the photo- 
graphic emulsion, so that exposures can be estimated 
more closely than is necessary to ensure a standard 
negative density. The calibration of the G.m. 
exposure meter depends to some extent upon the 
X-ray tube voltage, but above 150 kV the calibra- 
tion is very largely independent of the kilovoltage. 
The facility with which exposures may be computed 
enables multiple exposures readily to be made upon 
castings of variable cross-section, as the exposure 
required at any particular area can be quickly deter- 
mined, 
Radiation Leakage Monitoring 

The G.m. tube exposure meter can he _ usefully 
employed in the measurement of the scattered radia- 
tion from radiographic installations, and to ensure 
that workers in the vicinity are not subjected to 
above-tolerance dosages of radiation. Jonisation 
chambers, largely employed in the past for monitor- 
ing stray radiation intensities, suffer from the dis- 
advantage of requiring a considerable time to be 
expended in making a single reading. The tolerance 
level for daily exposure, may be taken as 10~-° Roent- 
gens per second. A G.M, tube will readily register 
intensities of the order of! micro-Roentgens per hour, 
so that a large area ean be readily explored for 
excessive leakage fields. To avoid unnecessary 
exposure, it is quite feasible to operate the equip- 
ment at a low level, if this is a known fraction of 
the normal running level, so that there is no danger 
to the operator making the measurements. The G.M. 
tube can be conveniently mounted upon a probe, so 
that small areas and nearly inaccessible cavities may 
be tested. The G.m. tube response varies with the 
quality of the radiation in a different manner from 
the response of an ionisation chamber.  Troost* 
employed a shield surrounding the G.m. tube, so as 
to duplicate closely the response of an ionisation 
chamber. A shield using a thickness of 1 mm. of 
tin and 1 mm. of brass was found suitable for X-rays 
from 120 kilovolt energy up to 300 kilovolts. 
Inspection Considerations in Radiography 

The fundamental difference between the G.m. tube 
and the photographic plate in radiographic applica- 
tions, is that the G.m. tube can only explore a small 
element of area at a time, while the photographic 
plate records the intensity variations over an 
extended area. The photographic plate can record 
fine detail, while the G.m. tube may be limited to a 
rather coarse ‘‘ element”? of area. The G.M. tube 
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must be arranged to “scan”? an extended area 
element by element if the variations throughout are 
to be determined. Only if the G.m. tube can scan 
the whole area in a shorter time than a photographic 
exposure is there a saving in time. 

In radiographing an extended area, we must con- 
sider that the G.m. tube is recording the high energy 
particles or quanta passing through a small element 
of that area. The particles or quanta are emitted 
at random, so that the number recorded will also 
fluctuate in accordance with the statistics of random 
events. If a large number of particles are counted, 
there is a probability that the number deviates from 
the true mean value. If N particles pass through 
the area in a given time, we may say that there is a 
Probable Error (P.E.) given by P.E. = 0.6745VN, 
that this number deviates from the true mean rate 
of particles to be expected during this time. This 
sets a fundamental limit to the precision of measure- 
ment. If the intensity of radiation is fixed, and 
hence the rate of passage of high energy quanta or 
particles, then we can only increase the precision of 
measurement by recording for a longer time. This 
limitation applies to any device sensitive enough to 
respond to small numbers of quanta, and applies to 
direct counting methods and to ‘ counting rate’ 
meters alike. A counting rate meter circuit may be 
made so sensitive that a single quantum causes a 
large needle deflexion. This is useless if so few 
quanta are arriving that the needle is in a state of 
violent movement. It is necessary to provide the 
counting rate meter with a time constant such that 
a reasonably steady needle deflexion is obtained. 
Where very low intensities are concerned a direct 
counting method may have to be developed, as the 
time constant required may be so great as to be 
impracticable. The counting rate meter also requires 
time to adjust itself to a new counting rate, and in 
general a time of some three or four times the time 
constant must be allowed before the dial reading has 
approached the new value to a sufficient accuracy. 
In the case of a counting rate meter in which the 
needle is fluctuating, the mean position may be 
judged closely by observing the needle movement for 
some time. This again corresponds to taking a count 
over an extended period, in this case over several 
time constants, 

Counting rate meter circuits employ the time con- 
stant of a resistor and capacitor combination to store 


Fig. 2. Recording of gamma-ray emission from a constant intensity 
source. 
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a number of impulses. The capacitor voltage thus 
indicates the mean rate of impulses received. The 
impulses decay exponentially, so that in effect the 
“counts ”’ are weighted exponentially with time. 
The ‘‘ time constant ’”’ of the meter circuit may be 
regarded as the time of counting, and the precision 
will be similar to that obtained by a direct count over 
the same period of time. 

A recording meter may be operated from a count- 
ing rate meter circuit. The specimen record (Fig. 2) 
was made by a recording attachment operating from 
an Alltools standard G.m. equipment, the combination 
being designed for X-ray diffraction and similar 
applications where a permanent, record is desirable. 
The recording is of a constant intensity radioactive 
source emitting gamma-rays. The meter circuit has 
a time constant adjustable in steps from four seconds 
up to 82 seconds, and the sections of recording 
illustrate how the fluctuations of the instan- 
taneous reading from the mean position decrease 
with longer time constants. A plot of the maximum 
peak to peak fluctuation in each section against the 
reciprocal of the time constant gives a straight line, 
which is to be expected on statistical grounds (Fig. 3). 


10 


Fig. 3. 
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The fact that the line does not appear to extrapolate 
through the origin, that is to zero fluctuation with an 
infinite time constant, is to be attributed to the drag 
of the inked recording needle on the paper chart. 
Needle drag is, in fact, of some importance in reduc- 
ing the residual fluctuations when long time con- 
stants are employed. It will also be noticed that 
even when short time constants are used, the mean 
position can be accurately estimated from a short 
length of recording provided it extends over several 
time constants. This is equivalent to direct count- 
ing for a similar period. A chart speed of 12 in. 
per hour was employed, so that each section of the 
record extends for several time constants. 


Practical Considerations in Radiographic Methods 


Only photographic methods need be considered as 
an alternative to the G.m. tube. Ionisation chambers 
may be disregarded, as if the requisite sensitivity is 
obtainable the response is so sluggish that the time 
requirements are impracticably long. Even the use 
of high pressure chambers does not materially affect 
the situation, while the use of large chambers pre- 
vents the examination of small defects. The G.m. 
tube is the only “ point to point ” device that can 


Electronic. Engineering 









March, 1950 


rival the extended area recording of the film or plate. 

In gamma radiography the G.m. tube must cover 
an area of about one square centimetre, due to 
screening difficulties. This provides a basis for a 
quantitative assessment of the G.M. tube against 
photographic methods.’ With a 100 mg. radium 
source, and a steel plate 7.5 cm. thick, the optimum 
source-to-film distance is 40 cm., according to the 
paper quoted, and the exposure time would be three 
hours. A defect of approximately 2.5 mm. diameter 
would be detected, or a deficit slightly less deep 
than this would be detected if it was somewhat wider. 
Friedman, Kaiser and Christensen,’ in considering 
a G.M. tube scanning a steel plate, assume that the 
radium source distance can be conveniently reduced 
to 12.5 em. Assuming that a 1 gram radium source 
emits 7 x 10° quanta per second, then with a normal 
linear absorption coefficient of 0.35 for steel, and a 
100 mg. radium source, 2.5 x 10° quanta per sq. cm. 
will emerge from the steel sample. The G.M. tube, 
if it has an efficiency of 1 per cent, will record 2.5 x 
10° quanta per second, if its sensitive area is 1 sq. 
cm., and in 0.3 seconds recording the probable error 
will be 2.5 per cent. However, a change in thickness 
of the steel of 2.5 per cent will produce a 5.3 per cent 
variation in radiation intensity, which is readily 
detectable. 

In the radiographic case of 40 cm. source-to-film 
distance, geometrical considerations limit the area 
radiographed to about 270 sq. cm. A G.M. tube 
taking 0.3 seconds to record the intensity over each 
square centimetre would scan the entire area in 
40 seconds, as against the three hours required for 
photographic recording. For thicker sections of steel, 
the G.M. tube is even more advantageous. A 15 cm. 
thick steel plate with a 100 mg. radium source at 
45 cm. needs a photographic exposure of 40 hours, 
and the minimum defect that is detectable is about 
4 per cent of the total thickness, and this is com- 
parable with the area covered by the G.m. tube. With 
moderate sections, the photographic plate can detect 
defects of about 0.25 sq. cm., while the G.m. tube 
is limited to 1 sq. cm. For the detection of fine 
tears, cracks, small blow holes and shrinkage cavities 
photographic methods are preferable, while the G.m. 
tube is superior for detecting wall thickness changes, 
corrosion areas, large cavities and genera! porosities. 
As minor defects are of less importance in thick 
section material, and this is when the time required 
for a photographic radiography becomes excessive, 
it is here that the G.m. tube. is of special value. 
X-Radiography. Thin Sections 

For X-radiography, the conditions are somewhat 
different, as the intensity available is greater than in 
gamma radiography, and it is also possible to reduce 
the effective area of the G.m. tube by means of thin 
lead screens, so that small defects may be picked up. 

One interesting use is the measurement of the 
thickness of thin foils and sheets, where soft X-rays 
give a high sensitivity to small thickness variations. 
Troost’ was able to measure by G.M. tube methods 
foils of lead, brass, copper and steel of .005 in. thick- 
ness to an accuracy of 1 per cent in a time of one- 
tenth of a second. This can provide a means of 
continuously monitoring the thickness of strips and 
sheet during manufacturing processes. Higher sensi- 
tivity still can be achieved by the use of a suitable 
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beta-ray emitting isotope as the radiation source.’ 
Beta rays are convenient, in that they can be 
readily collimated to a narrow beam, and stray 
radiation may be completely stopped by very 
moderate shielding. Radiation hazards to personnel 
are thus eliminated, while the ready absorption of 
the rays gives a very high sensitivity to small thick- 
ness changes. Radio-strontium has been found a 
useful isotope for metal thickness determinations, 
while isotopic radiations may be selected to give 
adequate sensitivity for a wide variety of plastics 
and other products. The thickness of paper can be 
monitored during production, as a typical example. 


Differential Scanning System 

One arrangement of particular value for scanning 
techniques is the differential detection system illus- 
trated in Fig. 4. Two G.m. tubes intercept the radia- 
tion passing through two closely spaced areas of the 
sample. Their outputs are connected in opposition to 
a null indicating meter circuit. With a homogeneous 
material in position, the two outputs should be equal, 
and the meter indicates balance. A defect passing 
one G.M. tube disturbs the radiation intensity, so 
that an unbalance is indicated. If the defect passes 
each G.M. tube in turn, a definite needle indication, 
first in one direction and then in the other, will be 
recorded. As two random inputs are combined, the 
totalled counts are in effect doubled, and although 
the indicating needle will fluctuate about the mean 
position, the passage of a defect is signalled by two 
definite indications, one in each direction about the 
zero. The certainty of detecting flaws is thus 
increased. 


Specialised Scanning Methods 

Using X-rays, it is difficult to use photographic 
methods for inspecting the wall thickness of pipes, 
gas cylinders, pressure vessels, etc. A G.M. tube 
can be readily introduced into quite narrow cylindri- 
cal bores, so as to register the transmitted X-ray 
intensity (Fig. 5a). This gives an accurate measure of 
thickness variations, and the presence of defects. By 
rotating the cylinder or pipes, in conjunction with an 
axial traverse, a spiral scan may be effected, so that 
the entire cylinder surface can be inspected. Wall 


thickness of 5 cm, can be checked to an accuracy of 
0.5 per cent, using 200-300 kV X-rays. With a G.M. 
tube effective aperture of ? in., the time required 
for each element of area is 0.1 sec. If a radium 
source is used, or a compact gamma-ray source of 
pile fission products, the source may be inside the 
tube, and the G.m. tube outside, so. that very narrow 
pipes may be inspected (Fig. 5b). 

In the case of castings of irregular shape, it is 
possible to use a compact gamma-ray source as a 
probe. A G.M. tube can be placed at a succession of 
convenient positions, and the gamma-ray source 
moved to detect irregularities at strategic points. 
This can be used in cases where photographic 
methods are clearly inapplicable. 

The use of a recording rate meter of the type pre- 
viously considered enables an automatic recording 
to be made of the intensity, and hence thickness, 
variations at any point. The permanent record is 
of greater value than a photographic radiograph, as 
the recording gives a direct quantitative measure of 
radiation intensity. 


Back Scatter Method 

Back scatter methods are particularly valuable, 
in that it is possible to detect thickness variations 
in sheets, such as boiler plates, when only one side 
is accessible. The G.m. tube is shielded from direct 
radiation from the radium or other gamma-ray 
source, as in the arrangement of Fig. 6. The 
scattered radiation from the steel sheet is detected 
by the G.m. tube, and in back scatter arrangements 
the intensity increases with the thickness of the 
sheet. However, the increase becomes very slight 
for thick sheets, although the method is very useful 
up to about 2 cm. thickness. Back scatter methods 
are also of value in determining liquid levels in 
opaque tubes, the investigation of filied containers, 
of coated materials, etc., and can be employed with 
X-rays as well as gamma-ray sources, 


A Fuel Pipe Problem 

An interesting use of G.M. tubes in an inspection 
problem was devised in Alltools laboratory. In the 
hending of pipes, it is usual to fill the pipe with 
various compositions to prevent wall collapse during 
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bending. Where such pipes may be used for fuel 
feed purposes, it is essential that all of the plugging 
material be removed from the pipes, so that a 
disastrous blocking of a narrow jet or orifice does not 
occur in service. By incorporating a harmless 
amount of radioactive tracer in the plugging com- 
pound, it is a matter of moments to detect with : 
G.M. tube if any trace of the plugging compound ‘te 
been left in the tube. As only a “‘ yes-no”’ type 
of indication is required, a very simple indicating 
device may be used. 


X-Ray Diffraction Applications 

The most significant advances in the use of G.M. 
tube techniques are likely to result from X-ray 
diffraction applications. Fig. 7 illustrates a G.M. 
tube specially developed for this work. The 
tube has a slit window covered by a micro-thin film, 
and is intended to be mounted on an X-ray spectro- 
meter table. The high sensitivity of the G.m. tube 
enables very weak lines that are photographically 
invisible to be resolved from the background, as long 
counts up to an hour or so may be made. In more 
conventional diffraction applications, rapid line 
intensity readings may be obtained directly, as well 
as a quick location of line 
positions. If a recording 
attachment is used, a com- 
plete diffraction pattern 
can be mapped out on the 
chart, as the deflexions 
are directly proportional 
to X-ray intensity. The 
background intensity _ is 
also recorded if a con- 
tinuous traverse is made, 
so that exact intensities 
can be read off the record- 
ing. This is of value in 
both routine and research 
applications, as the time 
is shorter than for photo- 
graphic methods. It is 
possible to conserve X-ray 
tube life in many cases, 
by operating at greatly 
reduced currents. The 
recording circuit can be 
readily arranged to pro- 
duce fiducial marks for 
identifying line positions, 
by means of contacts ar- 
ranged at selected angles 






Fig. 7. G.M. 
tube for X-ray 
diffraction use 
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On the record previously dis- 
the fiducial marking circuit has been used 
to separate the sections of the record. 


on the spectrometer. 
cussed, 


The estimates of the gain in speed possible with 
G.M. tube methods vary somewhat. One recent 
estimate is that the photographic methods require 
about 100 times as many quanta for comparable 
accuracy. The advantage of increased speed is not 
wholly in the saving of time, but lies in_ the 
feasibility of hitherto impracticable investigations. 
Rapid changes of physical state in a heated sample 
or small changes in stressed samples can be readily 
investigated. The higher sensitivity enables smaller 
crystals to be investigated, a matter of extreme 
importance in the investigation of new synthetic 
products, and particularly in the bio-chemical and 
biological field where only small quantities of isolates 
may be available. The plotting of pole diagrams 
is also greatly facilitated, as intensity readings are 
obtained directly. 

The above brief survey covers many of the appli- 
cations of G.M. tube techniques to radiographic 
problems. It is, of course, obvious that in the field 
of medical radiology similar uses have been made 
of G.M. tube methods. The very new fields of neu- 
tron diffraction, and neutron radiography offer 
similar scope for neutron sensitive detecting tubes, 
and interesting developments are likely. It is hoped 
that the value to research and industrial workers 
has been adequately presented. In _ conclusion, 
thanks are expressed to the directors of Alltools, 
Limited, for permission to publish the above article, 
and to the Director of Research for helpful advice 
and criticism in the course of preparing the manu- 
script for publication. 
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New Uses for Magnetic Fluids 


NE engineering application proposed in the 

Bureau’s preliminary investigation of new uses 
for magnetic fluids is the magnetic fluid dash pot. If a 
magnetic fluid is used, the rate of motion of the 
plunger can be readily controlled by magnetically 
varying the viscosity of the fluid. If a coil of wire is 
placed around the dash pot, the viscosity of the mag- 
netic fluid will be a function of the current in the coil. 
Employing this idea in the design of shock absorbers 
for automobiles and trucks would provide an adjust- 
able riding quality to meet various loading and 
roadway conditions. The rate of response of the 
magnetic fluid is high enough to provide virtually 
instantaneous changes in viscosity, thereby making 
possible a shock absorber with automatic com- 
pensation. The fluid also offers interesting pos- 
sibilities for use in hydraulic systems. If a hydraulic 
system is filled with a magnetic fluid, valving 
becomes extremely simple: by winding a coil of 
wire around a fluid- -carrying pipe and controlling 
the amount of current through the coil, the flow of 
fluid past that point can be closely regulated. 


—N.B.S. Technical Bulletin, 3, 74, 1949. 
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Make a Photocell 


The photo-electric properties of a single selenium rectifier 
plate can be used to make a light-sensitive meter. 


ELF-GENERATING photocells are rather expen- 

sive for the amateur electronic experimenter. 
For this reason, they seldom are bought for the 
prime purpose of amateur experimentation. How- 
ever, few amateurs know that a good photocell of 
this type can be home-made very easily. A simple 
light-sensitive element for a home-made cell, requiring 
no chemical processing by the builder, is a plate 
taken from one of the small selenium rectifiers widely 
used at present in transformerless radio power 
supplies. The 150 milliampere size rectifier has 
plates each a little larger than 1 sq. in. in area. 
When electrical contact is made to each of the two 
faces of one of these plates, and the selenium-coated 
face is illuminated, a small but useful voltage will 
be set up. The plain metal face will be positive 
and the selenium-coated face negative. This voltage 
will actuate a sensitive meter-type D.c. relay directly, 
or it may be applied to the grid input circuit of a 
valve to operate a heavier relay. It will also deflect 
a D.c. microammeter directly. 

A complete, rugged photocell is obtained by mount- 
ing the rectifier plate securely in a protective housing 
and providing output terminals. The finished cell 
may be used ina variety of experiments or may be 
installed permanently in electronic equipment. 

Construction of the cell is shown in Fig. 1. The 
light-sensitive rectifier plate is fastened to the inside 
back of the jar top with its selenium-coated face 
exposed to receive incoming light rays. Contact to 
the selenium surface is made by means of a solder 
lug bent downward to rest firmly upon the coated 
surface of the plate. The lug is held in place by 
a screw which passes through the large clearance 
hole in the centre of the rectifier plate and through 
an aligned hole in the back of the jar top. An out- 
side nut secures this screw, preventing contact 
hetween it and the sides of the clearance hole in the 
rectifier plate. Under this nut is a second solder lug 
for connexion of the selenium-coated surface to the 
external circuit. The bakelite washer separating 
the screw end of the inside lug from the selenium 
surface is necessary since the selenium coating on 
most rectifier plates does not extend unbroken to 
the edges of the central hole. Without the washer 
the lug would touch the uncoated portion of the 
metal plate and short-circuit. Connexion is made 
to the uncoated rear face of the rectifier plate by 
means of a narrow, flat strip of brass or phosphor 
bronze attached to the banana plug. 


Building Instructions 


1. Secure a 100- or 150-mA selenium rectifier. 
This unit must be an unpainted model. (Several 
commercial rectifiers are completely dipped in paint 
which conceals the light-sensitive selenium surface 
from light rays, and these models are unsatisfactory 
for photocell use. The paint probably can _ be 
removed with paint remover or lacquer thinner, but 
the author hesitates to recommend a paint-stripped 


unit, since he has not tested one.) Remove the 
plates from the rectifier and select one. 

2. Be careful not to scratch or cut the selenium- 
coated surface of the rectifier plate. Using fine 
emery cloth or sandpaper, clean the uncoated rear 
face of the plate so as to ensure good electrica! 
contact. 

3. Secure a 2-in, diameter black plastic jar top. 
Drill a hole through its centre and an identical hole 
through its rim. The first hole is for the plate- 
holding back screw; the second one for the banana 


plug. 
Gy meme RECTIFIER 
] a PEATE 
Yc | SELENIUM 
i SUN 








BAKELITE 
_— WASHER 


TRANSPARENT 
WINDOW DISK 


SOLDER LUG 
LBENT TO CONTACT 
SURFACE OF 
RECTIFIER PLATE 
FLAT METAL STRIP 
CONNECTING BACK 
a TOF RECTIFIER PLATE 

TO BANANA PLUG 
BLACK PLASTIC 
[JAR TOP 





Fig. |. How to mount 
the selenium disk in 
its protective case. 
The coated surface of 
the disk, must of 
course, face the 
window 
















4. Cut a flat strip of thin brass or phosphor bronze 
about 3 in, long and } in. wide. Drill a hole near 
one end of this strip and make a right-angle bend 
in the last 3 in. at the drilled end. Place the strip 
inside the jar top, with the screw of the banana plug 
passing through its clearance hole. Fasten the strip 
and ohie with a nut. Bend the free portion of the 
strip slightly upward so as to make contact with 
the rectifier disk when the latter is placed into 
position. 

5. Bend a solder lug into the shape of a wiper 
contact, pass a screw through its hole, and pass the 
screw through a }-in. diameter bakelite washer. 

6. Place a rectifier disk into the jar top with its 
selenium-coated surface outward, and press it down 
against the metal contact strip previously installed. 
Then pass the screw holding the lug and washer 
through the large clearance hole in the rectifier disk 
and through the hole in the back of the jar top, 
holding all the parts stationary to keep the screw 
in the exact centre of the hole and out of contact 
with the rectifier disk. Tighten the entire assembly 
by means of a nut on the outside of the jar top. 
Be careful that the inner lug does not bite through 
the selenium coating. 








7. Place a solder lug on top of the outside back 
nut and add a second nut to secure this lug. 

8. Cut a 2in. diameter disk of transparent, 
colourless celluloid or other thin plastic and mount 
this disk over the open side of the photocell by 
means of adhesive cement. 

Performance of the Unit 

After the photocell has been completed, connect 
it to a D.c. microammeter, or D.c. valve voltmeter. 
When light is directed upon the surface of the 
rectifier plate within the cell, the meter will be 
deflected upward. 

There will, of course, be some variation in results 
obtained by different experimenters. However, the 
following data obtained by the author is indicative 
of a performance to be expected: A 60-watt lamp 
(without lens or reflector) placed about 3 ft. from 
the eell gives a photocell output of 10 millivolts 
across a 1,000-ohm load. In broad daylight (high 
noon in sunny California), with the cell pointed away 
from the sun, 0.2 mA is obtained with the cell con- 
nected to a 0-1 p.c. milliammeter (meter internal 
resistance = 100 ohms). Feeding the cell into a 
Sylvania Type 221 Polymeter (input resistance = 
17 megohms), the deflexion is 0.2 volt away from the 
sun and 0.8 volt when the cell is pointed toward 
the sun. Higher outputs may be obtained, when 
employing light bulbs, by using a stronger lamp than 
the 60-watt unit mentioned in the foregoing, and 
also by concentrating the rays with a lens or reflector. 
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For higher outputs, several rectifier plates con- 
verted into photocells may be fastened close together 
on a plate of metal or insulating material and con- 
nected in parallel. A four-cell unit of this type 
constructed by the author gave the following per- 
formance: (1) In strong daylight, but pointing the 
cell away from the direction of the sun, 0.95 mA 
deflexion was obtained in a 0-1 bD.c. milliammeter; 
(2) illuminated by a 60-watt lamp at a distance of 
3 ft., 110 millivolts output was obtained across a 
load resistance of approximately 1,000 ohms. 


A Simple Light Meter 


One of the simple applications of the home-made 
photocell is the light (or exposure) meter which is 






so useful to photographers. Fig. 2 is the light 
meter circuit. 
0-100 DC. 
LIGHT RAYS MICROAMMETER 
-—-> 
Fig. 2. Connexions -_--> 
ate pee: CONNEXION 10 
METAL BACK OF 
E 
—— YA RECTIFIER PLATE 
SURFACE 
(PHOTOCELL) 


The instrument is built into a 4}-in. by 2-in. by 
13-in. box with a 1}-in. diameter hole cut for the 
light cell. After completion, the instrument may be 
calibrated against a factory-made exposure meter. 

—Radio & Television News, January, 1950. 





New Radio Link 





in South Africa 


Standard Telephones and _ Cables, Limited, 
have recently completed for the South African 
Post Office an interesting installation to extend com- 
munications between Port Elizabeth and Uitenhage. 
The existing telephone communications of eight lines 
between these centres proved totally inadequate for 
the rapidly expanding industrial town of Uitenhage, 
causing delays of several hours. In view of the 
difficult terrain and the time factor, it was decided 
that a u.H.F. Radio Link should be installed and 
the ‘*Standard’’ type Time Sharing Multiplex 
system was selected, 

The Port Elizabeth terminal is installed in the 
carrier terminal station at Neal Street and is con- 
nected to the central Exchange by a multi-pair 
telephone cable. 

The Uitenhage terminal is installed on a hill out- 
side the town and connexion to the Exchange is by 
1} miles of multi-pair telephone cable. This terminal 
is normally unattended. Alarms, indicating a failure 
of any part of the equipment, or unauthorised entry 
into the building, are immediately signalled to ihe 
Exchange. 

The directive aerial systems at each terminal are 
half-wave dipoles in corner-type reflectors. These 
are mounted on lattice towers 125 ft. high and are 
connected to the equipment by 150-ft. co-axial 
feeders. The air line distance between aerials is 143 
miles and the route is over a range of low hills. The 
system, dealing with up to 300 calls per hour, is now 
completely handled by the South African Post Office 
Authorities. 
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Resistance and Weight 
of Copper Wire 


By N. H. CROWHURST 


oR power transformers the winding resistance 
determines the heat dissipated in each winding at 
full load current. For economic power transformer 
design the watts dissipated in each winding and in 
the core should be proportioned so that the tem- 
perature rise on load is as uniform as possible, or 
does not exceed the permissible value at any point 
in the transformer. Also, winding resistance must 
be known in order to calculate the regulation of each 
winding of the transformer and of the transformer 
as a whole. 

For iron cored inductance coils the Q of the coil 
is dependent upon the winding resistance and upon 
the loss due to hysteresis and eddy currents in the 
core. In iron cored chokes the pD.c. potential drop 
across the choke is dependent upon its resistance 
value, while in energising coils for relays or loud- 
speaker fields the winding resistance must be 
accurately specified. 

In the case of audio frequency transformers, wind- 
ing resistance is equally important as it determines 
the series component of the insertion loss of the 
transformer, the shunt component being determined 
by the iron losses. 

In simple two-winding transformers the economic 
choice of wire gauge for each winding is such that 
the series loss referred to each winding is equal, that 
is the D.C. resistance of each winding is the same 
fraction of the load impedance referred to that 
winding. 

In the case of audio frequency transformers where 
there is a D.c. component in the primary, the design 
requires consideration of the primary of the trans- 
former as a choke, while the transformer action is 
considered separately. Due to the requirement of 
minimum D.c. drop across the primary winding, it 
may be desirable to make the resistance of the 
primary referred to its operating impedance lower 
than that of the secondary by making the primary 
winding occupy a greater proportion of the available 
winding space. 

Where push-pull transformers are operated in 
Class A there is no resultant p.c. magnetisation, so 
that p.c. drop across the primary winding due to 
the steady component of anode current in each of 
the pair of valves is usually small enough to be 
unimportant in the design of the transformer; it 
being possible, if the anode voltage requires to be 
adjusted to a precise value, to use a slightly higher 
supply voltage to offset the small drop. Generally 
for Class A working the maximum transfer of audio 
frequency energy from primary to secondary will be 
obtained by designing the transformer as a simple 
two-winding transformer having equal cross-sections 
of primary and secondary. 

For Class B operation of audio frequency trans- 
formers only one-half of the primary winding is 
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A Data Sheet for the calculation of the 
resistance and weight of wire in transformer 


and inductance windings 


Sd + ° Sd e ¢ ¢ + 


active in the transfer of energy from primary to 
secondary during each half-cycle of audio frequency 
wave form. It has been shown that under these con- 
ditions the minimum series losses for a given turns / 
impedance relationship will be obtained when each 
haif-primary occupies 30 per cent of the available 
space, while the secondary occupies 40 per cent with 
the relative winding resistances in inverse ratio to 
these area proportions. 

Transformers for multi-ratio working and tapped 
inductances often require special consideration of 
series losses. By tapering the wire gauge of various 
sections of an iron cored inductance so that the 
series resistance bears a constant ratio to the induc- 
tance value, an iron cored decade inductance will 
be produced having an overall Q only 20-25 per cent 
below the maximum Q obtainable for a single fixed 
value inductance on the same core at the same 
operating frequency. For multi-ratio transformers 
it will be appreciated that series loss can be 
minimised by utilising as much as possible of the 
available winding area on all ratios. 2:1 steps in 
ratio can best be achieved by series-paralleling 
methods. Steps less than 2:1 require the use of 
tappings, but by arranging the transformer winding 
resistances in such a way that the series losses are 
of equal percentage on all tappings, it is possible 
to produce a multi-ratio transformer within the 
range of 2:1 variation in ratio having an insertion 
loss not’ more than 5-10 per cent greater than a fixed 
ratio transformer of the same size. 

Auto-transformers either for mains or audio fre- 
quency use can most simply be designed on the basis 
of using equal proportions of the available winding 
area for series and shunt sections; otherwise 
expressed, the series and shunt sections are con- 
sidered as separate windings in a two-winding trans- 
former. 

The chart is based upon the standard B.S.S. 
specification for copper wire gauges and therefore 
the results calculated will only be accurate in prac- 
tice if the wire used is exactly true to its nominal 
standard throughout its entire length. Some grades 
of wire are subject to a variation in diameter of 
plus or minus 10 per cent. This means that the 
calculated resistance values and weight will be 
subject to a corresponding variation of plus or minus 
20 per cent. This fact should be borne in mind when 
drawing up winding specifications, both from the 
viewpoint of specifying winding resistances, and the 
possibility of getting the required number of turns 
into the available space. 

Instructions for Using the Chart 


(a) Given number of turns, length of mean turn and 
wire gauge to find resistance and weight of wire. 


The number of turns is referred along the vertical 
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(a) 


Fig. |. Use of the Data Sheet: at (A) to find the resistance and weight of a given length of wire and at (B) to find 
the resistance of wire needed to fill a specified bobbin 
















lines from the bottom of the chart to intersect with From the reference scales at the right of the chart 
the length of mean turn along the horizontal lines the appropriate horizontal plane is selected and 
from the scale at the right-hand side of the chart — reference across to intersect with the length in yards 
at A. From here refer up the sloping lines to the at B will give the resistance on the left-hand side 
36-in. reference line at the top of the bottom portion of the chart as for copper wire, but in this case the 
of the chart and thence up the vertical lines to inter- weight of wire will not apply. 

sect with the horizontal reference line corresponding (d) To find the resistance of wire of given gauge and 


to the wire gauge. From this, reference along the ‘ : A 
sloping lines to the left-hand side of the chart will turns required to fill a specific bobbin. 



























give the resistance of the winding, while reference It is assumed that the weight of wire to fill the 
along the sloping lines to the right-hand side of the bobbin has been determined from some other wind- 
chart will give the weight of wire. ing specification relating to the same bobbin allow- 


If wire gauges other than those listed down the ing the necessary space factor for insulation. Direct 
side of the chart against the reference lines are reference from the weight scale to the wire gauge 
required, the appropriate horizontal plane on the scale at A, Fig. 1(B), will enable the resistance to 
chart can be determined if either the sectional area be read off along the sloping lines at the left-hand 
of the wire used, or its resistance per thousand yards, side of the chart, while reference downwards and 
is known, from the reference scales alongside the along the sloping lines at the bottom of the chart 
wire gauge scales. (The intermediate lines between to intersect with the length mean turn reference at 
the even wire gauges marked represent the recog- 8B will give the number of turns at the bottom. 


nised odd wire gauges.) ’ (e) To find the wire gauge and turns required to 
(b) To find the resistance and weight of a given length produce a given resistance filling a specific bobbin. 


of wire of specified wire gauge. In this case the intersection between a _ given 
Simply refer direct from the bottom of the chart _ resistance and the weight of wire required to fill the 
in yards to intersect with the horizontal wire gauge bobbin will determine the wire gauge to be used. 
line at B as represented in Fig. 1(A) by the dotted If the intersection does not fall conveniently on an 
line. exact wire gauge the next standard gauge above 
(c) To find the resistance of a winding composed of should be used, when the required resistance will be 
resistance wire given turns and length mean turn, re pe a “ wey = Fry the bobbin. Reference 

or yards, and resistance per thousand yards of will then be taken from the intersection between the 


the wire gauge used. (Continued on page 104) 
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Data Sheet for the resistance and weight of copper wire. Fig. | (opposite) illustrates its use 





104 Electronic Engineering 






required resistance and wire gauge to determine the 
length and number of turns of wire required, while 
the weight scale will provide an indication as to the 
degree to which the available winding space is filled. 
Examples 


(1) 1,000 turns of wire, of mean turn length 5 in., 
and wire gauge 22, will have a resistance of 5$ ohms 
and a weight of 1 lb. 

(2) 1,000 yards of wire gauge 30 will have a 
resistance of 200 ohms and a weight of about 13 lb. 

(3) 400 turns of length mean turn 8 in., and 
resistance per thousand yards 200 ohms, will have a 
resistance of 18 ohms. 


Resistance and Weight of Copper Wire — continued from p. 102 
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(4) A bobbin takes 8 oz. of wire to fill it. If 
filled with copper wire of 32 gauge the resistance 
will be 120 ohms, the length 460 yards; and if the 
mean turn length is 4 in., about 4,100 turns will be 
required. 

(5) It requires 12 oz. of wire to fill completely a 
given bobbin and the required resistance is 200 ohms. 
From the chart it will be seen that 32 gauge wire 
is too heavy. If 33 gauge can be used, then about 
9} oz. of wire with 660 yards length will be required. 
If the odd gauge is not available, then about 550 
yards of 34 gauge weighing about 7 oz. will be 
required. 





Automatic Control of R.F. Heaters 


ECENT developments in the application of radio 

frequency heating to production processes in 
industry have proved the great practical value of 
this method of heating. The growing demand for 
R.F. heaters to deal with an ever-increasing range 
of methods and materials has resulted in the develop- 
ment of generators of progressively increased output 
power rating. In order to reduce the operating 
costs to a minimum, it is desirable to run each 
equipment at full output power. In these con- 
ditions, the auxiliary power requirement, e.g., valve 
filaments, fans, etc., are small compared with the 
R.F. power output, and the efficiency 

= Total Power Input 


R.F. Power Output 








is a Maximum. ie 
With dielectric heaters, it is found that the elec- 
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teristics of the POTENTIAL EHT 
load change PROPORTIONAL [oars 
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ing cycle, and ANODE 

this results in a CURRENT 


variation of the 
input power. This 
change of charac- 
teristics results 
from a variation 





4 Ro 
of the moisture 
content of the 
load with tem- 
perature, and/ 
or variation of —HI. 
loss factor with o a 
temperature, Ee 
With induction 
heaters, the application of power to a_ ferrous 


material results first in a decrease of impedance of 
the loaded work coil and then, as the Curie point is 
reached, a rapid increase is observed. In the case 
of non-ferrous loads only a slight change is noted. 

The changes in the condition of the material being 
processed, except in the case of the induction heat- 
ing of non-ferrous materials, results in the impedance 
of the load not remaining matched to the impedance 
of the generator. This causes a rise or fall in the 
output of energy into the load, and hence of the 
efficiency of the system as the load is heated. It 
therefore becomes advisable to provide an automatic 
means of continuously matching the impedances to 


enable the generator to work at full output during 
the heating cycle and to prevent damage due to an 
excessive increase in the output. This brings about 
the following advantages: 

(1) A considerable saving in power consumption. 

(2) A reduction in the process time with further 
consequent saving in process costs. 

(3) Since it is possible to keep the generator 
always matched for maximum power output, the 
equipment is able to handle larger loads. 

Since the p.c. anode-input power of a self-excited 
oscillator is, to a first approximation, a linear 
function of the output power, the mean anode cur- 
rent may be used to control the impedance matching 
device. , 

There are many arrangements which may success- 
fully be used. One simple method is to compare 
two potentials, of which one is a_ controllable 
reference potential, derived from the E.H.T. supply, 
and the other is a potential which is proportional 
to the anode current of the oscillator valve. The 
two potentials are applied to the grids of the valves 
V1 and V2 of Fig. 1. These valves form a long tail 
push-pull pair. The field coils of a split-field motor 
are separately connected in the anode circuits of the 
two valves. Any deviation of the potential, which 
is proportional to the oscillator anode current, from 
the reference potential will, therefore, result 1m an 
inequality of the currents in the field coils with con- 
sequent rotation of the motor in a direction ccrre- 
sponding to the sign of the potential deviation. The 
motor is connected, through suitable gearing, to the 
R.F. Output control of the heater, usually a variable 
tapping on the oscillator tank coil. Thus, should the 
load change in such a manner as to produce an 
increase of anode current, the motor will reduce the 
output power until the potentials are again balanced, 
whereupon the motor will stop. 

In order to retain the normal flexibility of 
operation, the reference potential may be adjusted 
by the rotation of the potentiometer R2 for different 
types of load in order to provide maximum power 
into a given load. If necessary, feed-back can be 
applied to the system to increase the damping factor. 

It will be seen that this system can be applied 
with equal success to dielectric and induction heaters 
provided the amount of R.F. power output is capable 
of continuous adjustment. 


—Communication from E.M.1. Engineering 
Development, Ltd. 
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A Photographic Timer 
Ey C. H. BANTHORPE* 


HERE are a number of uses for a device which, 

when set, will close a circuit for a fixed time 
interval, and then open it. One such use is in the 
dark room, when enlarging. The dark room clock is 
far from satisfactory, as one must either wait for 
the hand to cross an ‘‘ easy ”’ time (15, 30, 45 or 60 
seconds) or risk errors in mental arithmetic. Even 
then there is the risk of human error. The circuit 
shown was devised to overcome such difficulties, and 
has proved most useful. 

In a circuit of this sort one or other of the cathode 
coupled pentodes takes current, but in the rest. posi- 
tion V1 will take all the current, its anode will be 
at a, low potential and its cathode at approximately 
100 volts above chassis. V2 will be well cut off and 
the relay in its anode de-energised. Contacts Rl 
will be closed and contacts R2 will be open. When 
the button B is pressed, the capacitor is discharged, 
the grid of V1 falls to chassis potential, the valve 
becomes cut off, its anode potential rises to H.T. and 
the grid of V2 rises bringing in V2. The relay 
becomes energised and contacts Rl open and con- 
tacts R2 close, switching on the enlarger lamp. The 
button B should be released soon after it is pressed, 
but in any case contacts R1 will have opened, releas- 
ing the capacitor, which can then begin to charge 
via the resistors selected by means of the switches. 
After a time interval, determined by the resistor 
selected, V1 will be cut off and the relay will become 





* Centrai Equipment Ltd. 
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de-energised, switching off the enlarger lamp. This 
condition will remain until the button is again 
pressed. 

With the arrangement shown, any time between 
1 and 110 seconds may be selected in one second 
steps, but, of course, personal choice or convenience 
may demand another selection, and it is simply 
changed, as each megohm of charge resistor gives 
approximately one second of time. If very exact 
timing is required, normally quite unnecessary in 
ordinary photography, it may be advisable to add 
further refinements such as a stabilised H.T. supply. 
Usually, however, it is quite sufficient if a timer will 
accurately repeat a time interval, and the circuit, 
as shown, will do this reliably. 





.* these days of automatic navigational instru- 
ments, radar and precision weapon control, com- 
pass-operated instruments in all kinds of naval 
vessels and aircraft are well-nigh essential. 

There was a time when the compass control of 
instruments was confined to large ships, and the 
gyro-compass was able to provide transmission for 
repeating instruments at various stations in the ship. 
The second World War, however, saw the extension 
of ‘‘ big ship’’ methods to the smallest of H.M. 
ships, and light Coastal Forces found themselves in 
need of a repeating compass to co-ordinate the plot- 
ting, radar and executive functions in fighting the 
ship. For this reason the Admiralty Compass 
Observatory was called upon to provide a suitable 
instrument. A gyro-compass was not a _ practical 
solution due to the lack of space, small facilities for 
maintenance, complexity and the severe shocks and 
accelerations that these small ships are called upon 
to withstand. 

The new compass, the Admiralty Transmitting 
Magnetic .Compass, was, as its name implies, one in 
which a master magnetic compass, through an elec- 
trical pick-up system, a simple valve amplifier and 
‘** follow-up ’’ system, was enabled to operate as 
many repeaters as were required. 

The system used, that of a liquid Wheatstone’s 
bridge, formed in the compass by the use of elec- 
trodes in the bowl and on the card and using the 
actual liquid as a resistance path, was originally 
invented by Mr. E. L. Holmes, but the compass 


Transmitting Magnetic Compass 
By A. HINE, B.Sc.* 


designed by the Admiralty Compass Observatory 
makes use of modern electronic technique with all 
its advantages, and has enabled a simple, accurate 
and robust instrument suitable for small fast craft 
to be evolved. 

There are several types of the ‘“‘ A.T.M.C.’’, one 
of which is suitable for larger vessels, such as 
destroyers, with a transmission capacity equal to 
the gyro-compass. The master compass can be 
mounted either as a steering or as a standard com- 
pass, and if the electrical supply should fail it retains 
its use as a simple magnetic compass. Transmis- 
sion from the ‘‘ A.T.M.C.’’ provides a useful alter- 
native to that of the gyro-compass for stabilising 
the radar plan position indicator, or orientating the 
automatic pilot. 

In merchant vessels, where down to recent times 
the sole use of the compass has been that of correctly 
orientating the ship and objects in visual sight from 
her, the introduction of radar and other electronic 
navigational aids is today rendering the need for a 
transmitting compass imperative. The employment 
of a transmitting magnetic compass for such pur- 
poses will provide a reliable and inexpensive solution 
to the problem both in commercial vessels and the 
smaller warships. 





“* Admiralty Compass30Observatory 
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Semi-Conductors 


By E. J. HARRIS, Ph.D., D.1.C.* 


- HE electronic engineer mects semi-conductors in 
a number of familiar components, perhaps 
without realising it. The materials called ‘ semi- 
conductors ’’ are those which conduct electricity 
with more or less difficulty, generally having specific 
resistances many times higher than metallic con- 
ductors. As usual, it is difficult to draw an exact 
line of demarkation, for certain non-metallic sub- 
stances, e.g., graphite, are nearly metallic in their 
properties, while thin metal films, or powders, often 
show the properties of semi-conductors. A parti- 
cular distinetion, however, is that the temperature 
co-efficient of the resistance is positive for metals 
and negative for semi-conductors. Because of the 
high specific resistance which semi-conductors can be 
made to have, they are used for making resistances 
of high ohmic value and small dimensions. There are 
the familiar moulded carbon compound resistors, and 
selenium or pyrolytic carbon film resistors. A further 
useful property of certain semi-conductors is that 
the resistance of a film of the substance varies if 
visible (or sometimes infra-red) light falls on it; this 
property forms the basis of photo-conductive cells. 
The contact resistance between a metal and a semi- 
conductor usually varies according to the direction 
of the applied potential, so that more current passes 
in one direction than in the other for a given 
potential. 
such a contact there will be a net current in one 
direction, so the combination forms a rectifier (e.g., 
copper oxide or selenium disks for power supplies, 
and silica or germanium crystals in mixers for very 
high frequencies). 

What, then, is the special character of these 
materials that makes them differ so from metals? 
To answer this let us start with a few remarks about 
the theory of conduction in metals. At very low 
temperatures some metals become supra-conducting, 
having practically zero specific resistance. In this 
state the outer electrons of the metal atoms are 
supposed to move in a body through the lattice 
formed hy the atoms. At higher temperatures the 
thermal agitation. of the atoms hinders this easy 
flow, because it then interferes with the passage of 
the electrons, and consequently the resistance in- 
creases as the temperature rises. Alloys, in which 
the atomic lattice is necessarily less regular than 
that of pure metals, have a higher specific resistance 
than pure metals. Passing now to the other extreme 
case, that of insulators, we find that the electrons 
surrounding the atoms are all so firmly bound that 
they cannot be moved by ordinary electric fields, 
so there is no conduction. This can be re-stated by 
saying that there are no vacant places to which 
electrons can be moved by the applied field. If 
enough energy be given to an electron in an insulator 
by the incidence of X- or Y-radiation, it is displaced 
and can travel some distance in the material before 
it falls back into a position where it is firmly held. 


* Biophysics Research Unit, University College, London. 


If an alternating potential be applied to’ 


This is the mechanism by which diamonds, which 
are good insulators, can be used for Y-radiation 
detection, For this purpose a potential field is 
applied across the crystal, and a small current pulse 
is obtained each time an electron is dislodged by the 
incident radiation. ‘ 

By modifying the structure of insulators it is, 
however, possible to make materials which contain 
‘impurities,’ not necessarily different chemically 
from the main bulk, and these either provide a 
source of more readily detachable electrons, or they 
can take up electrons from the atomic shells leaving 
so-called ‘* positive holes.’”” In either case the 
material is made more or less conducting. ** Posi- 
tive holes *’ need explanation: they are places where 
electrons are normally found, and into them fresh 
electrons can move from adjacent atomic shells, in 
such a way that conduction can take place by migra- 
tion of the positive holes in the opposite sense to an 
electron current. When the structure is quite perfect, 
the electrons are so firmly bound by the atomic 
nuclei that no ordinary field is sufficient to move 
them. Those materials in which the impurities pro- 
vide electrons to carry the current are called excess 
(or n) semi-conductors (germanium) and those in 
which the impurities take up electrons and leave posi- 
tive holes are called deficit (or p) semi-conductors 
(e.g., copper oxide). The specific resistance of the 
semi-conductor will measure the mean number of 
mobile current carriers per unit volume and _ their 
mobility. It depends on the ease with which the elec- 
trons are displaced from (or into) the impurities, and 
the temperature of the specimen. The more easily the 
electron can be displaced the less will be the resis- 
tance, and the higher the temperature the greater 
will be the number of current carriers, so the tem- 
perature coeflicient of resistance will be negative. 
In special cases the incidence of light, or infra-red, 
energy of certain wavelengths will lead to a greater 
number of electrons being displaced, and in this 
event the material will be photo-conductive (e.g., 
selenium, lead sulphide). 

In order to proceed further, to the explanation of 
the process of rectification at a metal-semi-conductor 
boundary, it will be helpful to draw an energy level 
diagram (Fig. 1), showing the potential energies of 
Fig. |. Diagram of 
deficit semi-con- 
ductor in which ry 
there are two 


positive holes left 
by electrons 
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electrons at various points in a deficit semi-conductor. 
The lower down the potential energy scale we find 
an electron the more firmly bound will it be; but 
it can still be raised by heat energy, or by light, 
if it can penetrate, into an impurity if the energy 
difference between its initial and final states is less 
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than that of the available energy. After a time it 
will fall back into a positive hole, so there is a con- 
tinual exchange of electrons between the impurity 
levels and the normally full band. In the diagram 
no zero of potential energy is shown as we are only 
concerned with the differences. The term ‘‘ band ” 
is often used to denote a group of energy levels, 
having very small differences between one another, 
which an electron can occupy. Conductivity arises 
from the fact that movement of electrons from 
the full band to the impurities leaves mobile positive 
holes in the “* full ”’ band of electrons. The electrons 
in the impurity levels are not mobile because the 
impurities are not continuously distributed in the 
volume of the material. The picture for an excess 
semi-conductor must include the levels representing 
the energy of mobile electrons, these are empty at 


low temperatures. At higher temperatures the 
thermal agitation, or light energy in_ suitable 
cases, may be sufficient to raise some electrons 


from impurity levels up into a conduction level from 
which they will fall back into empty impurity levels 
after a time. It will be seen that in this case the 
full band is not important (Fig. 2). Now compare 


Fig. 2. Diagram of 
excess semi-con- 
ductor in which two 
electrons from im- 
purities have re- 
ceived sufficient 
energy to reach the 
conduction level. 
E: the minimum 
potential energy an 
electron must have 
in order to be able 
to carry current 
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Full band 








the picture of the energy levels in a metal, which 
has the so-called *‘ Fermi ”’ distribution. At ordinary 
temperatures there are an enormous number of con- 
duction levels packed together above. the full zone 
(Fig. 3). When a metal and an excess semi- 
conductor are placed in contact (Fig. 4), there is a 
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Levels Fig. 3.—Diagram of electron 
levels in a metal. They are very 
narrowly separated and occur at 
the top of a zone in which most 


of the electrons are situated 
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conduction band have a high potential energy and 
cross over into the metal. This leaves the semi- 
conductor positively charged, and the level in the 
vicinity of the metal is raised, so there is a shortage 
of electrons there, making the resistance higher than 
in the bulk of the material. If we now apply a field 
across the contact so as to reduce the space charge 
(i.e., the metal is made positive to the semi- 
conductor) more electrons flow towards the barrier 
layer and some will pass over into the metal so that 
the resistance in this direction is diminished. On 
the other hand, when the metal is made negative, 
the electrons in the conduction band of the semi- 
conductor are repelled from the boundary or barrier 
layer, and any which do reach it have to pass over 
a high potential energy peak, so that it is difficult 
to cause the current to flow in this direction. The 
possibility of electrons passing from the metal into 
the semi-conductor is small when the energy 
difference in Fig. 4(b) is large compared with 
the average thermal energy of the electrons in the 
metal. 

For a deficit semi-conductor the picture is some- 
what altered (Fig. 5(a)). Here the positive holes 
in the full band tend to be filled from the metal, 
imparting a negative charge to the semi-conductor 
with respect to the metal. Any electrons in 
impurity levels near the metal flow across into the 
metal because their potential energy is thereby 
diminished. If we now apply a potential across 
the boundary (Fig. 5(b)) in such a way that 
the contact potential is diminished, more positive 
holes move towards the boundary, there to be filled 
up from the metal so that a current flows. When 
the applied field adds to the contact potential 
difference (Fig. 5(c)) the positive holes are repelled 
from the metal and so no current flows. This cor- 
responds to the high-resistance direction. So, to 
sum up, for either case the direction of easy flow 
is for an applied potential which tends to neutralise 
the space charge at the contact. 

We can now use the same concepts to explain the 
mode of action of barrier layer photo-cells. In these 
a potential is developed across a pair of metallic 
electrodes in contact with a semi-conductor when 
light falls on one contact. They are frequently made 





Fig. 4 (a).—Metal—excess semi- 

conductor boundary. E: space 

charge in the carrier layer. B: 

barrier layer, showing sign of 

2 space charge. E,: a measure of 
» the contact potential 


Fig. 4 (b).—Metal—excess semi- 
conductor boundary, with field 
applied making metal positive 
to s.c.( direction of easy flow), 
and (c) making metal negative 
(c) with respect to semi-conductor 











flow of electrons of short duration which leads to 
the development of a contact potential between the 
metal and the semi-conductor. It has a value such 
that on an average the mobile electrons in the two 
substances have equal potential energies; its develop- 
ment is comparable with the levelling of water on 
the two sides of a U-tube. At the boundary, how- 


ever, conditions are different, for electrons in the 


in such a way that one of the electrodes is a trans- 
parent film, or a wire mesh, on the exposed surface 
of the semi-conductor, which is itself supported on 
a thick metal plate. Suppose we have an excess 
semi-conductor with its normal contact potential 
established between its bulk and the metal at each 
electrode, so that no net potential difference is 
present between the electrodes (Fig. 6). Now illu- 
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Fig. 6 (right).—(a) Excess s.c. with metal steutroges. (b) The same 
when one dary is y 
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minate one boundary. If the light energy is of other phenomena. Fluorescence and phosphores- 


sufficient to raise electrons from those impurity levels 
near the metal into the conduction band they will 
flow over the boundary into the metal, so that the 
semi-conductor will become more positive with 
respect to the metal than it was in the dark state. 
The result will be to cause an electron current to 
flow from the light electrode to the dark electrode, 
when they are joined, or to establish a net potential 
difference when the circuit is open. At the dark 
electrode the electrons pass into the impurity levels 
and into the conduction level. For a deficit semi- 
conductor a similar picture can be made, but in this 
case the sign of the photo E.M.F. is reversed because 
when the electrons are raised into impurity levels 
they leave more positive holes and these are filled 
from the metal, thus making the semi-conductor 
more negative with respect to the metal at the 
illuminated barrier. The use of similar energy level 
diagrams allows qualitative explanations to be given 


cence are cases in point. Here the incidence of light 
of a certain frequency pr ovides the energy to raise 
electrons into an “‘ excited ’’ state from which they 
drop into impurity energy levels of traps interme- 
diate between the unexcited and the excited states. 
From those levels they later fall into their original 
state, emitting light of lower frequency, i.e., more 
towards the red than the original light. The per- 
sistence of the phosphorescence is a measure of the 
time the electrons stay in the impurity levels, and 
is reduced if heat energy is provided, either by 
increase of temperature or the incidence of infra red 
radiation ; for increased thermal energy increases 
the probability that the electron acquires enough 
extra energy to escape from its trap. The mechanism 
of the breakdown of insulators under high stress can 
also be described in terms of electron energy levels, 
but the practical application of the theory is still 
hindered by our lack of knowledge of the values of 
the various energies involved. 





Helium Disappearance in Arc Discharge Tubes 


By MICHAEL LORANT 


LECTRON tubes filled with a noble gas such 
as argon, neon or helium are now widely 
employed in many kinds of electronic equipment, 
and the problem of gas disappearance in these tubes 
is of considerable importance. Since gas density is 
independent of temperature, gas tubes have a dis- 
tinct advantage over those filled with a metallic 
vapour such as mercury where the electrical charac- 
teristics change with the thermal variations in 
vapour density. On the other hand, the life of gas- 
filled tubes is limited by a gradual reduction in gas 
pressure with use. This tendency of filler gases to 
disappear from the tube volume is known as 
‘* clean-up ”’ and is generally thought to result from 
the bombardment of negatively charged electrodes 
by high-velocity positive gas ions that penetrate the 
metal surfaces and become permanently trapped. 
An understanding of clean-up under laboratory 
conditions will enable tube designers to choose the 


best combination of structural materials for longest 
tube life in a given application. Past studies of gas 
absorption in eletrical discharges are difficult to 
apply because of wide variations in experimental 
conditions and techniques. 

Martin Reddan, of the Electron Tube Laboratory 
of the U.S. National Bureau of Standards, has been 
carrying on a study of clean-up phenomena in a 
specially-designed discharge tube with a replaceable 
tantalum probe wire to collect the positive ions. 
During operation, the rate of gas clean-up is 
measured for various negative D.c. potentials on the 
probe in the presence of an are discharge. In 
addition to the probe wire, this helium-filled dis- 
charge tube employs an oxide-coated cathode and 
a nickel anode. 

All gas disappearance other than clean-up into the 
negative probe is designated as ‘‘ self’’ clean-up. 
It is reasonable to expect that this gas loss is caused 
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ae The plotted points 
ao Ae summarise data 
giving the ratio of 
CLEAN-UP OF HELIUM ~ the number of 
helium ions \trap- 
ped by a tantalum 
probe to the num- 
ber striking the 
probe in anexperi- 
mental arc dis- 
charge tube. The 
ion current to the 
probe wire has 
not been cor- 
rected for second- 
ary electron 
emission. Since 
more than half of 
the observed cur- 
rent at higher 
probe voltages 
may be electronic, 
the trend of the 
plotted points 
should rise more 
rapidly as _ the 
probe voltage is 
increased 
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by clean-up into the other electrodes and into 
sputtered deposits or by leakage through the tube 
wall. The diffusion of helium through hard glass 
envelopes has been checked and found to be 
negligible at the usual operating temperatures and 
pressures. Since the anode in the discharge tube is 
maintained at a higher positive potential than any 
other element, positive gas ions will not be attracted 
to the anode and clean-up there is not to be expected. 
On the other hand, the cathode probably accounts 
or! the major part of self clean-up in are discharge 
tubes. 

Since self clean-up cannot be avoided completely, 
its value is determined experimentally by operating 
the discharge tube with a positive probe voltage so 
that electrons rather than positive ions are drawn 


A general view of the apparatus used in 
the experimental investigation of 
helium clean-up by tantalum in an arc 
discharge. The vacuum system _ in- 
cludes diffusion pump, a gas purifying 
tube, fritted glass valve, mercury cut- 
offs, liquid air trap and ionisation 
gauge. The two arc discharge tubes are 
at the upper right. The meters just 
below are used to measure voltage and 
current for each electrode in the 
discharge tube 
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to the probe. Each test run is preceded by a self 
clean-up run, yielding a correction factor for the net 
clean-up into the probe. To avoid overheating the 
probe wire, negative voltage is applied in pulses of 
several milliseconds duration repeated several times 
a second. 

A necessary condition for reproducible results is 
that the filler gases be of uniformly high purity. 
Barometrically operated mercury cut-offs have been 
employed in the vacuum system, and contamination 
from stopcock vapours or leakage is avoided by 
introducing the gas through a pair of fritted glass 
disks which can be completely covered with mercury 
to interrupt the gas flow. Before a noble gas is 
admitted to the discharge tube, the small amounts 
of impurities which may exist is the unopened flask 
are eliminated by passing the gas over hot zirconium 
and tantalum gettering wires. 

With a known tube volume, the total number of 
ions trapped during a test run may be computed 
from the observed drop in pressure, while the number 
of ions striking the probe can be found directly from 
the observed probe current. These data have been 
used to construct a graph illustrating the depen- 
dence of clean-up on probe voltage. Care was taken 
to ensure that the thickness of the ion sheath around 
the probe wire was considerably smaller than the 
mean free path of the gas ions, so that the ion energy 
could be determined from the probe potential. 

Further problems under study include the com- 
plete recovery of trapped gas, a determination of 
the amount of gas which can be absorbed by the 
probe before saturation occurs, and a correction of 
the probe current for electron emission. Now that 
satisfactory techniques have been developed for a 
particular probe material and filler gas, these 
methods can be extended to other solids and noble 
gases of interest to tube designers. 








5 ps B.B.C. have recently projected three television deve!op- 
ments. They have ordered two high-power television 
transmitters from E.M.I. Ltd., and two associated 12kW sound 
transmitters from Standard Telephones and Cables Ltd. 
Additions have been made to the technical facilities at Alexandra 
Palace, and new studio facilities have been acquired from the 
J. Arthur Rank Organisation at Lime Grove, Shepherds Bush, 
London. 


The transmitters, intended for Scotland and the West of 
England, will be ten times more powerful than the American 
stations, and bigger than the Emitron transmitter supplied to the 
B.B.C. for Birmingham. The total population within the range 
of the 3.B.C. Television Service when these new stations are 
completed will be between thirty-five and forty millions. 


The technical facilities at Alexandra Palace comprise a film 
dubbing suite for the production of newsreels and other films 
by the B.B.C. film unit, a telefilm recording room, where 
television programmes are recorded on cinematograph film, 
and a central telecine room, in which films are televised for 
transmission in the programmes. 


The film dubbing suite comprises apparatus of the latest design 
and best obtainable performance, for carrying out the following 
operations: recording sound in synchronisation with a film 
camera operating in the dubbing theatre or in one of the studios; 
post-synchronisation, i.e., the addition of lip synchronised speech 
to a film shot silent; projection of 16 mm. films; copying of 
disks on to film sound tracks, and the addition of live sound 
from the theatre to a silent film during transmission. 


The projectors and sound film reproducers in the projection 
room are driven by Selsyn motors fed from a master Selsyn 
generator, and hence keep exactly in step. Synchronisation 
between these machines and the sound-on-film recording 
machine is achieved by driving the recording machine and the 
master Selsyn generator by synchronous motors, which are 
supplied from a motor alternator, the speed of which is 
electronically controlled and independent of the frequency of 
the mains supply. The speed can be set remotely from the 
recording room to operate the film machines at either 24 frames 
per second, the standard speed for cinematograph film, or at 
25 frames per second—the speed used for televising films. Once 
set the speed remains constant within 0.1 per cent without 
further control, even though the mains supply frequency may 
drift as much as 5 per cent. 


One drawback of the sound-on-film system of recording is 
that processing introduces a delay of about six hours before the 
composite sound and picture film is ready. In television film 
production especially, a delay of this order is a real handicap, 
and a method of reducing it, by the introduction of high-grade 
magnetic film recorders, is being considered. In this method 
the negative produced by the camera is cut and then televised 
direct, and simultaneously a fully-edited sound commentary 
recorded on magnetic film is reproduced synchronously as an 
unmarried print. With the installation of this equipment the 
time taken to produce a newsreel will be far less than the best 
hitherto attained. In the meantime a non-synchronous magnetic 
tape recorder has been installed, which records in parallel with 
the sound-on-film machine and makes possible an immediate 
playback for checking purposes only. 


The telefilm recording installation consists of duplicate 
recording cameras facing a pair of picture monitors on which 
is displayed the television programme that is to be recorded. 
The cameras have no shutters, so that the film is drawn through 
continuously. They incorporate a system of rotating and rocking 
mirrors which makes the image of the television picture follow 
the film in its downward progress through the gate, thus keeping 
the image stationary relative to the film. In this way a succession 
of television images is formed on the film as it passes through the 
gate, the brilliance of each image rising from zero at the top of 
the gate, then increasing to a constant intensity over the central 
part of the gate and finally fading out to zero on reaching the 
bottom of the gate. With this arrangement exposure takes 
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place continuously and the system dispenses with the need for 
the very high film accelerations. 


The picture monitors have 12-inch tubes giving a white 
fluo-escence. A special feature is a device effectively eliminating 
the line structure of the image recorded on the film, so that no 
interfe-ence patterns result when the film is subsequently 
scanned for transmission. The method adopted is to deflect the 
scanning spot with a sine-wave displacement in the vertical 
direction, the deflecting frequency being several times higher 
than the maximum detail frequency of the television system. 

The recording system was developed by W. D. Kemp of the 
Engineering Planning and Installation Department of the B.B.C., 
in conjunction with P. H. Dorté, Head of the Television Films. 
Also collaborating were H. W. Baker (Engineer-in-Charge, 
Alexandra Palace), H. G. Whiting (Engineer-in-Charge, Sutton 
Coldfie'd), and D. R. Campbell, who together devised the 
original system of recording television programmes on films 
in 1948. 

The central telecine room consists of two film scanners made 
by Electrical and Musical Industries Ltd., and a temporary 
machine made by Cinema-Television Ltd., which will shortly be 
replaced by two permanent machines of the same make. This 
installation was illustrated in the June, 1949, issue of Electronic 
Engineering. 

The method of televising the film is broadly the same in both 
makes of scanner. The principal components are a projection 
cathode-ray tube, an optical system, a film projector, and a 
photo multiplier tube. A scanning pattern, with an aspect 
ratio of 5 :2, is traced on the fluorescent screen of the cathode-ray 
tube by the electron beam, and two images of this pattern are 
projected by the optical system on the gate of the projector. 

The film runs continuously through the projector at a speed 
equivalent to 25 frames per second, and each film frame is 
exposed for |/50th second first to one scanning image, and then 
to the other, by the action of a rotating shutter. The light that 
passes through the film is focused on a photo-multiplier tube, 
which generates the picture signal, the signals corresponding 
to the exposure of each frame to the two scanning images being 
combined to give an interlaced signal. Though the aspect ratio 
of the scanning pattern on the face of the cathode-ray tube is 
5:2, this is increased to an effective ratio of 5:4 by the motion 
of the film. 

The new machines give much better television pictures from 
film than have previously been possible. In particular, the 
definition and tonal gradation are much improved, and the 
quality of the pictures is much less affected by the density of the 
film stock. 

A fuller account of this equipment is contained in ‘“ The 
B.B.C. Quarterly ’’ Vol. 4, No. 4, Winter 1949-50. 

Considerable extension to the present Alexandra Palace 
studios has been made possible by the recent acquisition of the 
film studios at Lime Grove, Shepherds Bush. Besides film 
studios, which are suitable for conversion to television studios, 
there is accommodation for dressing and make-up rooms, 
together with a film dubbing suite and associated viewing rooms. 

The area that the five studios cover is approximately 28,100 
sq. ft., and it is interesting to note that Studio F, the largest 
(about 9,600 sq. ft.), has a floor space of more than twice the 
combined area (approximately 4,000 sq. ft.) of the two existing 
studios at Alexandra Palace. 

The studios are already acoustically treated, and have 
lighting galleries, scene hoists, etc., but it will be necessary to 
construct studio control cubicles, and to equip them, as also 
the studios themselves, with the special apparatus needed for 
television. 


The first conversion to be undertaken will be that of Studio D, 
which it is hoped to bring into service in the late spring of this 
year, and work is already in progress to that end. The pro- 
grammes produced at the Lime Grove Studios will be fed by 
special television cable to Alexandra Palace. 
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sha Telecine Equipment at Alexandra Palace 
— : |. Telefilm Recording. One of the cameras used for 
ah recording television programmes on film. The television 
tube is pictures are displayed on a cathode-ray tube screen facing 
motion the camera, and are photographed on the film as it runs 
through the camera. Inside the casing at the front are 
es from rotating mirrors which cause the image of the television 
ar, the picture to follow the film in its downward progress 
through the gate of the camera. The lever on the right 
controls a variable friction clutch and enables the 
camera speed to be adjusted. 











. Film Dubbing Suite. The projection-room, showing the 
two projectors, and right, the duplicate sound-on-film 
reproducers. 


. Film Dubbing Suite. The mixer-room. Left, equalisers 
for modifying the frequency characteristics of any of the 
channels ; centre, the mixer desk ; and right, a twin- 
turntable disk reproducer. 


. Film Dubbing Suite. The mixer-room where the 
commentary music and effects are blended and con- 
trolled before being recorded on the sound track. An 
engineer works the twin-turntable disk reproducer, while 
Philip Dorté (centre), Head of Television Films, sits at the 
control panel with John Byers, senior film recordist. By 
watching through the glass panel the pictures of the film 
being projected on a screen in the adjoining dubbing 
theatre, they can tell when to introduce each item of 

J / sound so that it will be recorded at the right moment to 
of this | match the pictures. Through the window on the right is 


fe t goed i the machine on which the sound-on-film recording 
— is made. 











A Portable 
Geiger Counter 


ECENT years have seen a considerable. extension 

in the use of radioactive substances and instal- 
lations producing ionising radiations. As a conse- 
quence, the need has become apparent for equipment 
to measure the intensity of such radiations. While 
fairly elaborate, bulky and costly apparatus is already 
available in many fixed locations for this purpose, 
the present design is aimed at a simple and compact 
instrument, relatively cheap to manufacture, for use 
in rough comparative assays and in general radia- 
tion surveys. The latter purpose is becoming of 
increasing importance in assessing the necessity of 
providing suitable protection of personnel against 
ionising radiation. 
General Description of Instruments 


Among the various physical techniques used for 
the detection and measurement of ionising radiation 
the two most important employ (a) an air ionisation 
chamber and (b) a Geiger-Miiller tube. The former 
is used extensively for accurate measurements, the 
unit of radiation, the roentgen, being defined in 
terms of ionisation in unit volume of air. The latter, 
on the other hand, is more versatile, requires less 
elaborate auxiliary equipment and can achieve far 
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higher sensitivities for a given volume. Such tubes 
do not measure the radiation intensity directly in 
roentgens, but, for the purposes of the present instru- 
ment this was not considered to be sufficient draw- 
back to offset the advantages already enumerated. 
The instrument could, if necessary, be calibrated in 
roentgens for specified qualities of radiation. The 
Geiger-Miiller tube was therefore chosen as the radia- 
tion-sensitive element and the information it pro- 
vides, in arbitrary units, regarding the intensity of 
radiation is adequate for the comparative purposes 
entailed in the proposed applications of the 
instrument, 

The Geiger-Miiller tube is of particular advantage 
when using radioactive isotopes for measurement of 
concentrations and also for ensuring that benches, 
apparatus and clothing have been thoroughly cleaned 
after work involving the use of such substances. 

The essential components of equipment for making 
quantitative measurements are (1) The Geiger-Miiller 
tube, (ii) a source of high voltage, (iii) an amplifier, 
(iv) a pulse recording circuit which may be either a 
true counting circuit. registering the individual 
pulses, or an averaging circuit which records the 
mean rate of arrival of the pulses. 

The present instrument employs a standard G.E.C. 


Fig. |.—Circuit of Portable Geiger Counter Equipment 
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type G.M.2 or G.M.4 self-quenching Geiger tube which 
can be used for either beta, gamma, or X-ray detec- 
tion; thus making the apparatus as versatile as 
possible, although other types could be used for 
particular application. For portability and use in 
any location, operation from batteries contained 
within the instrument is provided. The instrument 
shown in Fig. 4 measures 9 in. by 6 in. by 3} in. 
and weighs 7 lb. In addition, when a high degree 
of portability is not needed, provision is made to 
use an external higher power-capacity battery or a 
mains unit. 

The high tension supply to operate the tube must 
be variable between 1,000 and 1,500 volts p.c. While 
various methods can be used, considerations of reli- 
ability and compactness led to the use of an audio- 
frequency blocking oscillator with a metal rectifier, 
all components being operated within their normal 
ratings. 

A single valve amplifier to provide sufficient out- 
put on a pair of headphones for audible observation 
of signals and to operate a rate of count circuit, for 
visual observation, presented no difficulties. For 
quantitative measurements, a scaling circuit to count 
individual pulses up to high rates involves a large 
number of valves and would be out of the question 
for portable operation, so a rate-of-count circuit, 
which should be sufficiently accurate for the type of 
application envisaged, was used. 

Circuit Details 

The complete circuit is given in Fig. 1. 

(a) H.T. Supply 

The valve V1 (Marconi Osram N17) operates as a 
blocking oscillator at a few hundred cycles per second. 
The sudden cessation of oscillation once every cycle 
is accompanied by a very rapid collapse of anode 
current in V1. This produces a voltage surge across 
the input ‘terminals of the transformer T1, which is 
stepped up through auto-transformer action. The 
H.T. surge across the output terminals is reflected by 
a metal rectifier M.R. (Westinghouse 36 EHT 40) and 
smoothed through the resistor-capacitor network 
R7 C4 C5. The resulting p.c. voltage is applied to 
the Geiger tube anode through the high resistance 
R8, the actual voltage being measured by a 2 in. 
electrostatic 0-2,000 V voltmeter M1. The voltage 
is varied by adjustment of the rheostat R6 in the 
anode circuit of V1. 

The transformer is wound on a core of No. 101 
** Sileor II”? stampings. 

(b) The Amplifier 

The signal from the G.m. tube is fed through a 
50 pF, 1,500 volt working, capacitor C6 to the grid 
of amplifier valve V2 (Marconi Osram wl7). The 
output from this valve operates : 

(a) A pair of 4,000 ohms headphones, normally 
plugged into the jack J provided, thus replacing the 
load resistor R10; and 

(b) the rate of count circuit. 

The amplifier B2 supply is decoupled through R11 
C8. This was found necessary for suppressing the 
audio-frequency from the u.T. blocking oscillator in 
the amplifier circuit. 

(c) The “ Rate of Count ’’ Circuit 


The output from the amplifier is taken through 
capacitor C7 to the grid of gas-filled relay V3 (type 


Electronic Engineering 





Fig. 2. t (side panel removed) 


Portable Geiger c t quip 





Cv123) which is biased so as to be non-conducting in 
the absence of a signal. The bias is obtained from 
the blocking oscillator through a capacitor-resistor 
network. Each signal pulse on the grid is of such 
amplitude as to remove momentarily the effective 
bias and allow the valve to conduct. Each pulse of 
current passing through V8 discharges one of capa- 
citors C10-C13 as chosen by the rotary switch S3. 
Resistor R13 limits the peak current which is allowed 
to flow through the valve. The charge on the capa- 
citor, however, is being replenished from a voltage 
chosen by the potentiometer R17 across the B2 
battery. The current required to replenish the 
charge is measured by the microammeter M2, and 
is proportional to the number of counts per minute. 
This current, which is limited by resistor R14, is not 
sufficient to maintain V3 in the conducting condition 
and the latter therefore extinguishes when the chosen 
capacitor has discharged to a voltage of about 15-20 
volts. The current is passed through a resistor- 
capacitor network R15-C14. The time constant of 
this network is adjusted so that the meter reads the 
mean charge-replenishing current over a period of 
3 seconds. For low rates of count this serves to give 
a reading sufficiently steady for comfortable observa- 
tion, in spite of relatively large random fluctuation 
of the incidence rate of the ionising rays or particles. 
With switch S2 in the “‘ calibrate ’’ position, meter 
M2 serves as a voltmeter and enables the slider of 
resistor R17 to be set to the chosen value for the 
given calibration of the meter in the rate-of-count 
** measuring © position. It should be noted here 
that capacitor C14 is made up out of 6 electrolytic 
‘* Picopack *’ capacitors in parallel, each of 5 #F, 
50 volts working rating. This combination was 
chosen because it gave the lowest leakage current of 
different types of electrolytic capacitors of about 
30 “F total capacitance. (Electrolytics were chosen 
because of their small size). 

It will be appreciated that the capacitor C14 shunts 
the microammeter, and its leakage current will 
increase with the voltage across it. This voltage 
increases from zero to 2.5 volts for full-scale 
deflexion of the microammeter. The increasing 


leakage current will make the calibration curve of 
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BEFig. 3. 
G.M.4 Geiger 
Muller tubej 
‘counts per minute” against ‘‘ microammeter 


reading ”’ depart from linearity at the upper part 
of the scale. 
Constructional Details 


Fig. 2 shows a view of the instrument with its 
side panels removed. 

The case, partition and sides are constructed of 
aluminium, the sides being recessed to give additional 
strength to the structure. 

A horizontal platform divides the instrument in 
two. In the lower half are the batteries, oscillator 
valve V1, transformer T1, rectifier and smoothing 
circuit: in other words, those components generat- 
ing an audio-frequency capable of interfering with 
the measuring circuits in the upper half. The plat- 
form and sides act as electrostatic screens to pre- 
vent such interaction. 

The measuring circuits, consisting of the amplifier 
valve V2 and its associated components are mounted 
on top of the horizontal platform. This also carries 
component group-boards with the _ rate-of-count 
circuit and V8 wired to them. 

On the top panel are the two instruments M1 and 
M2, the on-off switch S1, H.T. adjustment R6, G.m. 
tube concentric connector, headphone jack, measure- 
calibrate switch $2, calibration adjustment R17 and 
rate-of-count range.switch S3. 

The horizontal and vertical partitions with their 
group-boards and valve holders form a complete sub- 
assembly which may be wired up independently of 
the main frame. This sub-assembly is then screwed 
into position and joined to the components on the 
top panel and the batteries to form the complete 
instrument. 

A feature worth noting is the sliding door in the 
case seen removed on the right of Fig, 2. ‘This 
allows access to the batteries for replacement pur- 
poses without the need for unscrewing the sides. 

The batteries used are B1: 14 volt G.E.C. No. 4 
cell, B2: 673 volt G.E.C. type BB501. 

The G.m. tube itself, shown in Fig. 3, comprises a 
metal tube 1 in. diameter and approximately 2 in. 
long with the insulated anode lead in the centre of 
one end and a 13 in. flange on the other, over which 
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is sealed the end window, made of duralumin, for 
allowing entry of beta particles. The tube is inserted 
into a holder and retained by a clamping ring as 
shown on the right of Fig. 4. The anode connector 
makes contact with a clip attached to the central 
electrode of a concentric cable socket. The concen- 
tric cable which connects the tube holder to the 
supply unit has plugs on each end which fit into 
corresponding sockets on the main unit and tube 
holder. 

Operation 


The instrument is normally contained in a leather 
case, together with the G.m. tube in its holder, the 
connecting lead and headphones. The unit can be 
removed from the case if so desired and can then be 
carried by a strap round the shoulder. The head- 
phones are connected by telephone jack and plug 
and the G.M. tube by a concentric cable. After 
switching on, the H.T. is adjusted to the value speci- 
fied for the G.M. tube, the switch $2 is set to 
* calibrate ’”’ and potentiometer R17 is adjusted to 
give a reading of 50 on the meter M2. The switch 
S2 is then set to ‘‘ measure’ and the appropriate 
rate-of-count range is selected by switch S3 for the 
strength of radiation to be measured. The calibra- 
tion of these scales is carried out by applying the 
amplifier output to a scaler gear, and calibrating 
meter M2 in rate-of-count against meter divisions. 
A typical calibration is shown in Fig. 5. By select- 
ing the capacitors C10, C11, C12 and C13 close to their 
normal values, the single curve is accurate for all 
the scales. The accuracy of measurement of rate-of- 
count neglecting random fluctuations (which can be 
reduced by watching the needle for a while and 
noting its mean reading) should be of the order of 
5 per cent. The scales cover rates of count sufficient 
for most applications for which the instrument is 
likely to be used. 

For the control of health hazards from radioactive 
materials,’ the figure of 500 counts per minute on 
bench tops, floors in the work area and laboratory 
clothing is quoted as the maximum allowable. This 
counting rate refers to a Geiger counter with a 1} in. 
diameter window, thin enough to accept the radia- 


Fig. 4. Portable Geiger t. The instrument 
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Fig. 5. 


tion of the particular contaminant expected. G.E.C. 
type counter GM2 accepts beta radiation above 0.2 
MeV and type Gm4 above 0.1 MeV. Both have a 
window of about 1 in. diameter and the respective 
maximum allowable counting rate is therefore. 222 
counts/minute. Fig. 4 shows this rate to be well 
within range 4 of the instrument here described. 





Electronic Engineering 115 






The counting rate meter may be calibrated directly 
in terms of tolerance dose rate for various energies 
of ionising radiation such as radium gamma rays and 
X-rays of different kilovoltages. Turner and 
Sinclair,’ for instance, have calibrated a G.E.C. type 
G.M. counter and have found that 54,000 counts per 
minute corresponds to tolerance dose rate (10~° 
roentgens/second) for radium gamma rays. For 
200 kV X-rays a counting rate of 60,000 counts per 
minute represents 40 per cent of tolerance dose rate. 
With such calibrations the instrument can con- 
veniently be used in studying leakage radiation dis- 
tribution around X-ray installation and_ in 
teleradium departments in hospitals and industrial 
research establishments. Observations on patients 
given radioactive isotope treatments is another 
example of the uses of this portable Geiger counter 
equipment. 
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Binary Counting 


Few of our readers if asked to explain in simple language the Binary scale of counting could do so 

without considerable thought. The following account, given by a representative of the N.P.L. in charge 

of the Automatic Computing Engine exhibit at the Jubilee Exhibition (See Notes from the Industry, 
page 123), is thought to be a concise and lucid explanation worthy of note : 


O RDINARY decimal numbers are constructed 
from groups of tens, e.g., a number 3,065 is 
really 
3 x 1,000+0 x 100+6x10+5x1 
or 8x (10x 10x 10)+0x (10X10) +6x«10+5X1 
that is 3x 10°+0x 10°+6 x 10'+5 x 10° 
10° of course equals 1. 

It can be seen that the digits of a decimal number 
represent the quantities of each power of 10 (10°, 
10°, 10°, etc.) present in the number, and further 
that the largest possible digit will be one less than 
10, i.e., 9. 

It is possible to construct numbers from any other 
base, apart from 10. In every case, the largest 
ergy individual digit will be one less than the 
vase. 

The binary system of numbers is constructed from 
a base 2. The digits of a binary number represent 
the quantities of each power of 2 present in the 
number (2’, 2’, 2°, etc.) and the largest possible value 
for each digit is 1. 

A binary cricket team consists of 1,011 men, 

ie., 1X2?+0x2°+1x24+1x2 
which is a group of just the same size as the one 
we now call eleven on the decimal scale. 

Arithmetic in the binary scale is very simple: 
there are two elementary rules to remember, 
1+1=0 and carry 1 (just as 5+5, or 6+4, = 0 and 
carry 1 in the decimal scale), and 1 + 1, and 1 to 
carry = 1 and carry 1, otherwise one proceeds as in 
any other arithmetic. Two examples are given 
for purposes of illustration : 








Addition Multiplication 
10110 (twenty-two) 1011 (eleven) 
01101 (thirteen) 101 (five) 
100011 (thirty-five) 1011 

0000 
1011 
110111 (fifty-five) 





Two apparent disadvantages of the binary system 
will be noticed from these examples: Firstly, we are 
used to decimal notation, and it is hard for us to 
detect the size of a binary number by casual inspec- 
tion. Secondly, a binary number is much longer 
than its corresponding decimal number; on an 
average a binary number contains three times as 
many digits as a decimal number. 

The binary system is very suitable for high-speed 
computing machines. Since digits can only be either 
1 or 0, a relay that is either on (1) or off (0), or 
any similar two-stage device, may be used to indicate 
each digit. The extra length of a binary number 
is no disadvantage, since it is easier to make a 
machine with, say, 30 two-state devices than one 
with 12 ten-state devices as required for an equiva- 
lent decimal machine. The simplicity of the 
arithmetic enables multipliers and adders to be 
constructed without great difficulty, and a machine 
can be arranged to convert information from decimal 
to binary form, and back again, so that the familiar 
decimal notation may be used for setting the 
problems, and for reading the results. 
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LETTERS TO THE EDITOR 
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(We do not hold ourselves responsible for the opinions of our correspondents) 


The Effect of Valve Impedance on 
Phase Shift Oscillators 


Dear Sir,—Mr. W. R. Hin- 
ton’s article on R.c. oscillators 
has introduced a valuable method 
of calculating the formulae for 
these circuits. 

It may be of interest that it 
is possible, by an extension of 
Roorda’s' method to derive 
similar formulae for frequency 
and attenuation of uniform 
ladder networks which take into 
account the effect of valve 
impedance, and these agree with 
Mr. Hinton’s results. Curves of 


four important cases have been 
plotted, which should be of use 
to designers. 
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Equivalent circuit of R-C oscillator 





Fig. |. 


The equivalent circuit of an 
oscillator of this type is shown 
in Fig. 1 where Rg is the equiva- 
lent generator impedance of the 
valve and its anode load, and 
appears in series with the first 
section of the phase shift net- 
work. It is necessary to treat 
R.c. and c.R. networks separately, 
so that k is the ratio of Rg/R in 
both cases. 

The R.c. network of n sections 
with added amplifier impedance 
is shown in Fig. 2, the amplifier 
impedance being represented by 
KR. The mesh equations of the 
circuit can be written down as 
follows : 

i[(1+k)R+X]-iX=Ei 

—uX + i(R+2X) uX =O 

—2X + a(R i 2X) ux=O 

~tn-2X + in-a(R + 2X)-in.X=O 

~tiX + in(R+2X)=O 
tn =Eo/X 

The equations are first simpli- 
fied by putting R/X =a. 

Then if (1+k)a+i]-i:=Ei/X 

—ti + i2(2 Tt a)—u=O 
—t2+13(2+a)—u=O 





* J. Roorda, correspondence, ELECTRONIC 
ENGINEERING, p. 270, July 1949. 


Fig. 2. 


R-C network of 

n-sections with 

added amplifier 
impedance 





Fig. 3. 
C-R network of 
n-sections with 
added amplifier 
impedance 








tu-2 + tn (2 +a)—in=O 
= dn it in(2+a)=O 


in=Eo/ X 
We may now proceed to eliminate 
ii, t2--- in as follows: 
3 Section R.C. Network n=3 


is=Eo/X 
i=1s(2+ a)=Eo/ X(2+ a) 
i=Eo/X [(2+a)’—1] 
Substituting these values in 
the first equation in the set 
Eo/X [(2+a)’—1](1+a+ka)- 
(2+a) =Ei/X 
Ei / Eo= (2+ a)'(1+a+ka)- 
[3+a(2+k)] 
Now R/X = a = yoCR = ja. 


Whence f=2/27CR and _ the 
frequency coefficient = 4/27. 
Therefore Ei/Eo=1-—(5+4k)+ 


j[6e+3ek—0°(1+k)]. 

Oscillations will be maintained 
at a frequency such that the 
phase change through the net- 
work is 180°, in which case the 
imaginary part of the above 
equation must be zero. The fre- 
quency of oscillation will thus be 
determined by 

6+ 3k = (1 + k) 
* + 3k 
| 
1+k 
In order to find the attenuation 
coefficient & the value of « thus 
obtained must be substituted in 
the expression 
B = 1-0°(5 + 4k) 





The equivalent network for the 
generalised c.R. case is shown in 
Fig. 3 and gives mesh equations 
as follows: 

u[(Qi+k)+a]—2z=Ei/R 

—ut 2(2+ a) —n=O 

= t2 + 43(2 + a)-u=O 

—in-2 + tn-1(2 + a)— tn ’ O 

—tn-1 + tn(2+ a)= O 

in=Eo / R 

where X/R=a=1/jeCR=je and 
f=1/227CR. 

These equations may be solved 
as shown for the R.c. case. 

The tabulated results for 3 and 
4 section networks are given 
below. (Note that « is different 
for the R.c. case to the c.R. case.) 
Curves of these results have been 
plotted in Figs. 4, 5, 6 and 7. 
The frequency is found by divid- 
ing the frequency coefficient by 
c.R., and the attenuation co- 
efficient is read directly. 

It can be seen that in every 
case the effect of valve impedance 
is to reduce the frequency of 


oscillation and_ increase’ the 
attenuation. 

More complicated cases in 
which one or more of the 


capacitors are variable can be 

dealt with by the use of a further 

constant in the mesh equations. 
R. TOWNSEND, 

Wembley Park, Middx. 








n R.C 

i x B 

3 | vor 1--a? (5+4K) 
1+K 

4 10+4K 1—a® (15+10K) 
7+6K } +a* (1+K) 





| : i 
/6+4K- | 1+3K—a*(5+4K) 


1+4K 
—a* (15+6K) +a? 


“7+K 
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Fig. 4. Frequency and Attenuation Coefficients, 3 section uniform 


R.C. network. 


Fig. 6. Frequency and Attenuation Coefficients, 3 Section uniform 


.R. network. 
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Obstacle Detection Using Ultra- 
sonic Waves in Air 


Dear Sir,—Your article des- 
cribing and depicting a_ super- 
sonic sound operated object 
locator (ELEectroNIc ENGINEER- 
ING, December, 1949, p. 464) is of 
interest to me as I have been 
working on a somewhat similar 
device for a purpose your con- 
tributor has not mentioned—a 
burglar or intruder alarm. 

It will be seen that the sound 
waves can be deflected a number 
of times at varying angles, but 
always in a defined direction. 
This enables a room to be scanned 
sufficiently for the purpose of 
causing the interruption of scan 
by any object placed in its path, 
such as a human body; allow- 
ance can be made for animals. 
If the detecting device is caused 
to operate a relay when sound 
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(See letter on Page Opposite) 


Fig. 7. Frequency and Attenuation Coefficients, 4 section uniform 
C.R. network. 
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waves are not impinging upon it, 
whether absence of waves are 
occasioned by an intruder or 
cessation of operating power, 
one then has an intruder alarm 
which cannot be interfered with 
by wire cutting or spurious 
responses. If the operating power 
is derived from suitable dry 
cells, power cuts would not give 
a false alarm. A time clock can, 
of course, be used for setting and 
disconnecting. Sunrise lighting, 
artificial light and audible sounds 
would not trigger the device. 


F. M. StauNTON-LAMBERT, 
Kilburn, London, N.W.6. 


Television on 25c/s Mains 
Dear Sir,—With the exten- 
sion of the television service to 
the Midlands area, the existence 
of a number of pockets of 25- 


cycle mains will undoubtedly 
lead to the temptation to use 
television receivers designed 
primarily for frequencies of 40 
to 60 cycles. 

Each individual design of 
equipment involves certain prob- 
lems and, in many cases, the 
addition of several hundred 
microfarads to the _ existing 
smoothing capacitor, while yield- 
ing a tolerable performance, is 
not without hazard. 

May I suggest that in each case 
the receiver manufacturer be 
consulted in advance, to ensure 
that dependable information re- 
garding the modifications re- 
quired is obtained, and carried 
out, to reduce this hazard to a 
minimum, 


O. G. Cox, 
A. H. Hunt Ltd., London, $.W.18. 
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Co-axial Line Resistors 


A NEW range of resistors, illustrated 
above, suitable for inclusion in co- 
axial lines either as terminating impedan- 
ces or in assemblies to form T or 7 
attenuators, has been introduced by the 
Welwyn Electrical Laboratories, Ltd. 

There are two types of this component. 
The first is a disk resistor which is 
symmetrical and available in many sizes ; 
the other is a rod element suitable for 
inclusion in the central conductor in 
order to make up networks. 

The makers claim that there is reason 
to believe these resistors retain their 
characteristics up to several hundred 
megacycles because of the very thin 
film employed. 

Welwyn Electrical Laboratories, Ltd., 
Bedlington Station, 
Northumberland. 


Absorption Wavemeter 


HIS instrument consists of a variable 
tuned circuit, across which is con- 
nected a germanium crystal in series 
with a 500 wA meter. The external 
coupling element comprises a three- 
turn loop connected to the wavemeter 
by 3 feet of co-axial cable. Frequency 
range is continuous from 1.6-30 Mc/s. 
Calibration is accurate to within +2 per 
cent. This instrument is used for 
detecting harmonics and standing waves 
and also for field strength comparisons. 
The absorption wavemeter is housed 
in a metal case, finished in pale green 
and fitted with rubber feet. 
E.M.1. Sales & Service, Ltd., 
Sheraton Works, 
Greenford, Middx. 
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Cathode Ray Oscilloscope 

THe Nagard Oscilloscope and Oscillo- 

meter Type 103, shown below, is app- 
licable to universal servicing and the usual 
comparative measurements. It is also 
capable of measuring quantitatively 
time, frequency and voltage from 
D.C. to Mc/s. with accuracy. 

The unit is constructed in two cases, 
one containing the cathode ray tube and 
controls. It is arranged to accommodate, 
in removable form, unit assemblies such 
as time bases and amplifiers with various 
performances, beam switches for double 
and multiple traces, and special units. 
The other case contains the power 
supplies needed to provide accurate 
potentials, both D.C. and A.C. to the 
tube, time base, amplifier units, etc. 

The makers claim that the basic 
construction has the following advan- 
tages : weight is divided by having two 
parts, each of which is _ portable ; 
standard units for time bases and 
amplifiers of differing performances can 
be inserted and coupled to the C.R.T. ; 
units with additional features, e.g., 





bi 
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beam switches, can be added or inter- 
changed ; the power supply is separated 
from the oscilloscope enabling it to be 
free from stray fields and high tempera- 
tures ; measuring facilities cover a wide 


field ; time bases are calibrated in 

frequency and time to an accuracy of 

2 per cent with linearity of | per cent. 

The amplifiers are types 103/! and 103/2, 

employing new principles with direct 

coupling. A 6-inch C.R.T. is used in this 
unit. 

Nagard, Ltd., 

245, Brixton Road, 

; London, S.W.9. 





Oscillograph Type D-365-A 
(Illustrated above) 


b fed oscillograph is of the Duddell 
type employing an oil-damped bifilar 
suspension. It has been designed for 
modulation of the light beam in the 
Muirhead-Jarvis picture telegraph re- 
ceiver where it is required to operate 
at frequencies up to 1,000c/s. The 
frequency characteristic is flat over this 
range while still maintaining reasonably 
high sensitivity. 

The D.C. resistance of the loop is 
approximately |! ohms, and the sensi- 
tivity is 0.65 mm. per mA at a distance 
of 60 cm. The maximum current should 
not exceed 150 mA. When operating 
from a D.C. signal a bias control can 
easily be fitted to provide an adjustment 
of the oscillograph zero setting. 

A Ticonal magnet is used which gives 
flux density of the order of 10,000 
lines/sq. cm. 

Muirhead and Co., Ltd., 
Beckenham, Kent. 
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apparatus, components and 


the manufacturers. 


P.M. Focusing Assembly 


Bf Sound Product’s well-designed 
focusing device uses a_ sintered 
Ticonal magnet, which gives adequate 
focus control for nine or twelve-inch 
tubes. Two models are available, one 
being for tetrode tubes and the other, a 
rather stronger version, for triodes. 
The more powerful type can also be used 
to focus tetrodes if the magnetic flux is 
weakened slightly. The makers recom- 
mend unscrewing the ‘‘ micrometer ”’ 
gap adjustment to the full and then 
closing it up again for this purpose. 





Centring the picture is comparatively 
simple, as the whole assembly is held 
in position on the tube neck by an 
annular spring. The first adjustment is 
to rotate the assembly until centring is 
correct either vertically or horizontally, 
and then to make a final correction by 
loosening the two knurled screws on 
the front of the assembly and moving the 
front plate slightly at right angles to the 
direction of image movement required. 
Normally, these adjustments should not 
be necessary, as each product is mag- 
netically centred at the works. Price 
thirty-five shillings (triode) or thirty- 
two shillings and sixpence (tetrode). 

Bel Sound Products, 
Marlborough Road, 
London, N.19 


Breeze Concentric Plugs and Sockets 
(Illustrated centre) 


THE Breeze Mark 4 concentric plug 
and socket are available in two sizes, 
and are designed for the unmatched 
coupling of Uniradio 4 and Uniradio 39 
cables. They have a maximum D.C. 
continuous working voltage of 2.5 kV 
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and 3.0 kV respectively and a common 
current rating of 19 amps. Both types 
conform to specification RIC/C/321. 

The complete connector consists of a 
fixed, or ‘‘ panel’? member, mountable 
from front or rear, and a free, or 
“* cable ’’ unit to which the flexible cable 
is attached, and with which either straight 
or right-angle outlets may be used. The 
cable being soldered to the connector, a 
rubber or P.V.C. sleeve should be fitted 
over the pin or socket bucket end. 

The die cast aluminium housings are of 
identically similar design to those used 
for all other Mark 4 range connectors 
and, in common with them, the pin and 
socket mouldings, which in this case 
are of high quality polythene having an 
insulation resistance of not less than 
10! ohms, are interchangeable and 
obtainable in either panel or cable 
units according to circuit requirements. 


The Plessey Co., Ltd., 
IIford, Essex. 





Segic Electric Soldering Iron 
(Illustrated right) 


Tt Segic Electric Soldering Iron 
incorporates the following features : 
instant heating ; temperature control 
at the finger tip ; a slender bit which 
can be bent to reach corners, and an 
automatic feed of molten solder by 
magnetic induction. It has a low voltage 
bit, insulated from the earthed casing, 
and is shock proof. 

The iron weighs only 30 oz. and has a 
consumption of 100 watts (intermittent). 
It is for A.C. supply only, and the voltage 
is 220-250 (50 cycles). The retail price 
of this tool is £3 3s. Od. 

S. Guiterman & Co., Ltd., 


Alderman House, 
37, Soho Square, W.1. 


V.H.F. Radio Equipment 


HE General Electric Co., Ltd., have 

designed a low power V.H.F. radio 
transmitter and receiver specially for 
use in railway systems, mines, quarries, 
large agricultural schemes and similar 
applications where rough usage might be 
expected. 

The equipment consists of a 15/20 watt 
frequency-modulated transmitter and 
receiver mounted in a cast light-alloy 
dust and weatherproof case. The 
equipment can be installed in any 
position for remote control from the 
footplate of a railway engine. 

A particularly interesting feature of 
the apparatus is the (optional) built-in 
selective calling device. This is applic- 
able to simplex, two-frequency simplex 
or duplex working and is generally 
arranged so that all the unwanted 
stations are locked-out during use of 
the main transmitter. It is always 
possible, however, to call groups or all 
the sub-stations by using special dial 
numbers. 

The number of sub-stations which can 
be called by this system is unlimited, 
although a two-digit scheme to cover 70 
individual stations or a_ three-digit 
scheme to cover 500, will suit most 
circumstances. 

The V.H.F. equipment at the main or 
sub-stations, can be supplied for mains 
or battery operation and if the user so 
desires, amplitude modulated trans- 
mitters can be substituted for frequency 
modulated. 


The General Electric Co., Ltd., 
Magnet House, Kingsway, 
London, W.C.2. 
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The Principles of Scientific 
Research 


By Paul Freedman. 222 pp. Macdonald 


& Co., Ltd., 119 Ludgate Hill, London, 
t.C.4. Price i5s. 
PRESENTATION of the prii- 
ciples of modern scientific 


research is sure to be welcomed, not 
enly by the ever increasing number 
of students and young research men 
intending to devote their lives to 
work on the advancing border lines 
of knowledge, but also by industrial. 
ists, and the ‘less fortunate scientists 
and engineers ingloriously engaged 
on routine tasks yet keenly inter- 
ested in the progress of science and 
scientific method. 

The author commands a wealth of 
knowledge in many fields, coupled 
with thirty years’ experience in 
industrial research. He is also 
gifted with a lively style and could 
therefore be expected to write just 
the kind of book one has been wait- 
ing for. Having read it one can 
only hope, however, that a second 
edition will give him an opportunity 
to remove the many blemishes from 


which the first one suffers. Its 
fourth chapter, entitled ‘‘ The 
Mental Approach,’’ opens with the 
sentence: ‘‘ It is the author’s hope 


that the reader has reached this 
chapter by reading the three preced- 
ing ones and not by skipping them 
as a long-winded historic introduc- 
tion.””’ The reviewer, on the con- 
trary, would advise readers to begin 
the book at this important and read- 
able chapter. By doing so they will 
avoid wading through a historical 
survey of many branches of science 
too compressed to be of much bene- 
fit, and will escape a number of 
verbose commonplaces, unscientific 
formulations, and highly debatable 
assertions, such as: ‘“* Successful 
scientific reasoning appears always 
to require as its starting point a 
consideration of available data re- 
lating to the specific problem,” 
Leonardo da_ Vinci’s_ discoveries 
““were doomed to long forgetful- 
ness,’ ‘* The fact that nature is not 
static and its laws change with 
time,” ‘‘Of the four fundamental 
principles embodied in Dialectic 
Materialism the first is that every- 
thing in nature has a history. The 
other principles which . , . . must 
be accepted by any scientist are unity 
of opposites, change of quantity into 
quality, negation, and negation of 
negation.’ “The transition of 
quantity into quality is perhaps 
most strikingly illustrated in the 
case of radio-activity.”” In certain 
astronomical phenomena ‘“‘increase 
of mass negates the volume that 
mass may occupy.” ‘ The radia- 
tion of atoms of long extinct stars 
does influence a man’s future at his 
birth, though it does so to a negli- 
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gible extent in comparison with the 
influence of his heredity or of the 
society in which he is born and 
develops.”’ 

The main part of the book is more 
calmly written and well rewarding. 
It deals with the planning of re- 
search, organisation, experimenta- 
tion, accuracy, economy of effort, 
and the minimum number of essen- 
tial observations. It contains much 
sound advice, astute observations, 
and many detailed examples from 
the author’s personal experience. 
The concluding chapter, entitled 
** Patrons,” is a particularly lively 
description of the organisation and 
financing of research in this country. 
Suitably modified it might well 
have been chosen as the introduc- 
tion to the whole book. 


R. Pou 


The Quarterly Journal of 
Mechanics and Applied 


Mathematics 
Vol. I, Part 3 (1948), and Vol. Il, Parts 
1, 2, 3 (1949). Oxford University 
Press. 40s. per annum. 
NTIL last year theoretical 


papers of a more mathematical 
nature were difficult to publish in 
this country. ‘The mathematical 
journals published a small number 
and most of the remainder were 
published in technical journals, 
whose editors naturally wished less 
emphasis to be laid on the mathema- 
tics and more on the meaning of 
the theory and its applications. The 
** Quarterly Journal’’ has for the 
last year or so filled this rather 
serious gap in the scientific jenrnsle 
of this country. From its first 
issue the standard of the papers has 
been high, and the printing and 
paper of the fine standard which is 
customary from the Oxford Univer- 
sity Press. 

Up to date, however, the papers 
published have been mainly on prob- 
lems in elasticity and hydrodyna- 
mics and of little direct interest to 
the electrical engineer or radio 
physicist, although the mathemati- 
cal methods used may sometimes 
be relevant to his problems. 

In the last two issues four papers 
are of more direct interest. Two 
short notes deal with the numerical 
solution of simultaneous equations 
and the numerical integration of 
differential equations by new 
methods. A paver by G. E. Reuter 
discusses the behaviour, when an 
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external force is applied, of an oscil- 
lating system where the restoring 
force is neither simple harmonic nor 
symmetrical about the equilibrium 
position, a problem arising in the 
theory of loudspeakers. In such a 
ease it is possible for the normal 
forced oscillation to become unstable 
and a sub-harmonic of double or 
higher frequency to take its place. 
The fourth paper mentioned con- 
tains a theory of the induction of 
currents in non-uniform thin sheets 
and shells of conducting material, 
by Professor A. T, Price. Such a 
theory is needed in geomagnetism 
to infer the distribution of conduc- 
tivity in the earth from observations 
of the variations of the earth’s mag- 
netic field, and then to use this dis- 
tribution to investigate the produc- 
tion of magnetic storms and similar 


effects. j 
G. J. KyNcu 


Radio Frequency Heating 


By L. Hartshorn. 237 pp. 102 figs. 
Geo. Allen & Unwin, Ltd. Price 2ls. 


S Dr. Hartshorn suggests in his 

preface, the literature on this 
subject is considerable but scattered, 
and there is need for books which 
survey the whole field and present a 
concise account of the principles 
and practice of induction and dielec- 
tric heating. 

Much of the available literature 
falls, broadly speaking, into either 
of two categories. On the one hand 
are highly theoretical treatises 
which the practising engineer may 
unfortunately have neither the time 
nor the background to understand; 
on the other, descriptive illustrated 
articles and papers, some of which 
indicate what has been and is being 
done in the field of industrial appli- 
cation of these relatively new pro- 
cesses, while others encourage the 
suggestion of pure magic. 

Dr. Hartshorn deals with those 
applications of u.F. heating, dielec- 
tric and induction, for which valve- 
driven generators are used, and 
succeeds in presenting fundamentals 
without a surfeit of mathematics. 
His treatment of the underlying 
principles is sound and yet easy to 
follow, and a variety of industrial 
applications are described. The 
whole has obviously been carefully 
written; the sections on dielectric 
heating theory and practice are 
particularly well done, as one would 
expect of this author. 

One or two points may perhaps be 
criticised; thus Figs. 4.15 and 4.16 
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do not represent typical surface- 
hardening practice, as the authors 
of the paper from which they are 
taken made clear in discussion. Also, 
the illustrations of induction-heat- 
ing applications are chosen princi- 
pally to indicate what kinds of work 
may pve done, rather than how it 
may be done under industrial con- 
ditions; that is, they show chiefly 
components and experimental set- 
ups. Instructive as such _illustra- 
tions may be, it is true to say that 
the heating of a component under 
laboratory conditions is in many 
cases quite easy; but the subsequent 
development of a reliable, and pre- 
ferably automatic, industrial process 
often calls for considerable engineer- 
ing and metallurgical knowledge. 

These are minor criticisms, how- 
ever. Dr. Hartshorn has the gift of 
making difficult concepts clear, and 
since a great deal of the engineer- 
ing and design work of this country 
is done, and done very well, by very 
ordinary people, books such as this, 
which help us to make use of these 
concepts, are of great value. 

E. May 


Radio Mains Supply 
Equipment 


By E. M. Squire. 180 pp., 166 figs. 
Pitman. Price 12s. 6d. 


S the author points out in his 

preface, the efficient working 
of the mains supply section of any 
radio or electronic equipment is a 
factor vital to its successful opera- 
tion, and a large proportion of 
faults occur in this portion of equip- 
ment. This book treats the prob- 
lem by first explaining the supply 
requirements—heater supplies, 1.T. 
supplies, and bias supplies; after 
which the essential components are 
described and their required speci- 
fications discussed. The remaining 
half of the book is: devoted to the 
application of these components to 
the requirements. 

H.T. supply regulation is given 
quite full consideration, and there 
is much useful data for the designer 
in this chapter. There is a separ- 
ate chapter to deal with the special 
problems in a.c./D.c. equipments. 
Another chapter deals with voltage 
and current stabilisers for use on 
both a.c. and p.c. circuits, while a 
final short chapter is devoted to the 
use of fuses. The various useful 
formule given throughout the book 
are accompanied by numerical 
examples of a practical nature. 

In writing this type of book, the 
question of how much theory to 
include is always a problem. The 
book is intended for the use of the 
practical man—service engineer, 
radio mechanic, and wireless opera- 
tor. The author seems to have 
chosen his theory well for his pur- 
pose, although the connexion 
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Ad 
R. G. Kloeffler and M. W. Horrell 
435 pages 404 illusts. 40s. net 


This book caters for the interest 
of both power and communication 
fields, and also presents recent de- 
velopments of the transistor and 
mechano-electronic transducer. 





A 
SYMPOSIUM 
ON 
ELECTRONICS 


IN RESEARCH AND INDUSTRY 
(Papers read at the First Electronics 
Symposium of S.I.M.A., 1948 


Edited by 
A. G. Peacock 
Foreword by 
SIR EDWARD APPLETON, K.C.B., F.R.S. 
216 pages 112 figures 16s. net 





37, ESSEX STREET, LONDON, W.C.2. 
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Monographs 


CATHODE RAY TUBE TRACES 
by H. MOSS, Ph.D. 
Price 10s. 6d. 


This Monograph is based on a series of articles 
published in Electronic Engineering and con- 
tains the elementary theory of common types, 
with notes on their production. 

‘““This book has considerable general 
educational interest.’’—Electrical Review. 
‘*The photographs of c.r.-tube traces are 
excellent and in both their quality and their 
number they form an outstanding feature of 
the book.’’—Wireless Engineer. 


Postage 6d. 


A HOME-BUILT TELEVISOR 
For Sutton Coldfield Reception. 
by W. I. FLACK 
Price 4s. 6d. 
This booklet fully describes the design and 
construction of a high quality receiver for the 


reception of the Sutton Coldfield trans- 
mission. 


“** Congratulations. The results are excellent.” 
Kings Heath, Birmingham. 


‘“*A very commendable design,’’—Coventry. 


** As good as any of the most expensive sets 
on the market,’’—Reading. 


Postage 3d. 
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ek NEW 


FIELDEN 
TECHNIQUE 


in micro-measurement and 
control 


FOR ANY INDUSTRIAL OR RE- 
SEARCH PROBLEM RESOLVABLE 
INTO MINUTE ELECTRICAL 
CAPACITANCE CHANGE 


ACTUATION BY PROXIMITY of solid 


d, z 1 


s or sto an 





or liquid 
electrode terminating a co-axial cable 


The Fielden 
Proximity 
Meter— 
Sensitivity 
0.01 pF—in- 
dicates minute 
capacitance 
changes, 
whether 
caused by very 
small mech- 
anical dis- 
placement or 
dielectric 
It measures, for instance, strains in 





change. 
structures, it gauges components to less than 
0.00001 in., monitors sheet, foil and wire 
sizes, measures liquid and other levels precisely, 
monitors dimensions and compositions, com- 
pares dielectric properties of non-conducting 


liquids, etc. {It does What is impossible 
mechanically and, in many fields, surpasses 
all other micro-measurement methods. 


The Fielden Tektor-Sensitivity 0.25 pF— 
is a unique, stable, high-speed capacity 
relay which solves many problems of 
counting, temperature control, level 
control of liquids and solids, and so on 
where simple direct-switching is im- 
possible 


Please send for Specifi cation FE/s to the 


SPECIALISTS ININDUSTRIAL 
ELECTRONIC EQUIPMENT 


Fielden. 


(ELECTRONICS) LIMITED 


HOLT TOWN s MANCHESTER 


Tel : ARDwick 2619 
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BOOK REVIEWS (Continued) 


between the three halves power law 
Ie = KV. and the rectifying 
action of diodes, where it appears, 
is not made clear, and it would ap- 
pear that statement of this law is 
superfluous here. There is a serious 
error in Fig. 85, representing the 
mean magnetic path length for a 
choke. 


The book makes a useful addition 
to the series of books from this 
author, giving a greater quantity of 
practical information than its pre- 
decessors, 

N. H. CrowHurst 


Science in Industry 


Report for the Year 1947-48. H.M.S.O., 
1949. 103 pp. 2s. net. 


EN years of development in 

industrial science is reviewed in 
the Department of Scientific and 
Industrial Research’s ‘‘ Report for 
the Year 1947-48,’’ published 
recently by H.M.S.O., price 2s. 


The Report covers the change to 
war conditions, and briefly outlines 
the researches undertaken by the 
D.S.1.R., including the British work 
on the atomic bomb. Even during 
the war the Department was plan- 
ning for peace, 


The Research Association move- 
ment is explained, and an account 
of the examinations conducted by 
the Industrial Grants Committee in 
1948 is given. The Committee’s 
recommendations on the collabora- 
tion between the D.S.I.R. and other 
research establishments have been 
implemented. The principles of the 
Establishment are laid out, includ- 
ing the high degree of autonomy 
essential to the success of a Research 
Association, and the bridging of the 
gulf between development of a new 
technique and its adoption in works 
practice. 


The _ position of Development 
Councils in industry is also men- 
tioned, and the report recommends 
that the nationalised industries 
should study with the D.S.I.R., 
using the facilities available. 


The report states that it has been 
the policy of the Department to con- 
centrate its efforts on short term 
investigations of obvious utility and 
on advisory work using present 
knowledge at the expense of longer 
range and more fundamental re- 
search. The major problem of 
policy is the balancing of the need 
for giving assistance on problems of 


immediate and pressing importance 
and the need for providing the 
basis for more far-reaching advances 
in industrial technique and practice 
on which the continued prosperity 
of the country must ultimately 
depend. 


M.C.K. 


Television Story 


By Frank Tinsley. 68 pp. 1949. British 
Broadcasting Corporation. Is. 


HIS booklet reviews the work 
and organisation of the B.B.C. 
Television Service, with special 
mention of important features 
which have been presented since the 
post-war resumption of transmis- 
sion. Since the B.B.C, are the pub- 
lishers, it is obvious that the author 
must give a fairly favourable view 
of the programmes mentioned, but 
having due regard to this one feels 
that his cathode-ray tube must be 
fitted with a rose-tinted filter. 
However, non-viewers will ‘ind 
this booklet interesting insomuch 
as it will give them a very good 
idea of what type of programmes. 
have formed the highlights of post- 
war television. 


E.F. 


Electrical Engineer’s 
Reference Book 


Editor: E. Malloy. 216 pp. cr. 8vo. 
Vith Edition. George Newnes Limited. 


HE first edition of this book 

was published during the war 
years, and there have been many 
changes in the electrical field since 
then, so a thorough revision has been 
made. 


Four new sections have been added 
on magnetic materials, factory 
wiring systems, house services and 
diesel-electric traction. Useful 
additions have been made in many 
sections, such as: servo-mechanisms, 
supervisory remote control equip- 
ment, and semi-conductors. Non- 
linear resistance elements are now 
dealt with in the automatic control 
section, and the electrical materials 
section includes bimetals, supercon- 
ductivity, semi-conductors, solders 
and fluxes, and colloidal graphite. 
Other chapters coming under revi- 
sion include power station practice, 
cables and wires, illumination and 
lamps, _ electrical measurements, 
electric ‘traction, electric furnaces 
and high-frequency heating, and 
electrical literature. 
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British Council’s New President 


Sir Henry Dale, O.M., has been 
elected President of the British 
Council by its Executive Committee 
in succession to Lord Riverdale, who 
has reluctantly resigned for private 
reasons. 

Sir Henry was a member of the 
Council’s Executive Committee from 
1943-1949, and Chairman of its 
Science Advisory Committee from 
1942-1949. 


Jubilee of the N.P.L. 


On Monday, January 30, a 
reception was held in the room of 
the Royal Society to celebrate the 
50th anniversary of the founding 
of the National Physical Labora- 
tory. All ten divisions of the 
Laboratory were represented, as 
well as the Electronics section of 
the Mathematics. division, by 
experimental apparatus illustrating 
their different fields of research, Of 
interest to the electronic engineer 
were the demonstrations of the 
Electricity and Radio divisions and 
the Electronics section. The last- 
named section showed a typical 
working section of the Auto- 
matic Computing Engine (ELEc- 
TRONIC ENGINEERING, 18, 872, 1946). 

Further mention of the A.C.E. 
exhibit will be found on page 115. 


New Television Cameras for the 
sei B.B.C. 


The B.B.C. has placed an order 
for five Marconi Image Orthicon 
cameras with Marconi’s Wireless 
Telegraph Co., Ltd. 

For many months both the B.B.C. 
and the Marconi company have sub- 
jected Image Orthicon cameras to 
the most rigorous tests, particularly 
outside broadcasting. The outside 
broadcasting tests have covered a 
wide range of subjects and have 


been conducted under _ greatly 
diverse conditions. 
Retrospect 


In the table published in the lead- 
ing article, February issue, the 
value of exports of transmitters, 
navigational aids, communication 
equipment and industrial electronic 
apparatus for the first ten months 
of 1949 should have been £2,686,000. 
These are Customs and _ Excise 
figures and they take no account of 
indirect exports, in the form of 
equipment installed in ships and 
aircraft, which are worth probably 
more than half as much again. 
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NOTES FROM THE INDUSTRY 


Admiralty Portable Radio 
Interference Measuring Set 


The Committee on Radio Inter- 
ference of the Institution of Elec- 
trical Engineers have issued the 
following information. 

The recent publication of B.S. 
1597 ‘‘ Radio interference suppres- 
sion on marine installations’ has 
focused attention on the need for a 
measuring set suitable for marine 
use and conforming to the appro- 
priate clauses of B.S. 727 ‘* Charac- 
teristics and _ performance of 
apparatus for the measurement of 
radio interference.”’ 

It has recently been announced 
that the Electrical Research Asso- 
ciation has designed for’ the 
Admiralty a _ suitable portable 
measuring set complying with fine 
limits of weight and size, suitable 
for use in conjunction with .B.S. 
1597 and equally suitable for 
land purposes. Sets constructed 
to the Admiralty specification are 
now being manufactured by Messrs. 
Electric and Musical Industries, 
Ltd., of Hayes, Middlesex, and the 
Lords Commissioners of the 
Admiralty have stated that they 
have no objection to civilian organi- 
sations using the design. no charge 
being made to cover the cost of 
development, Interested authorities 
who wish to view the set are asked 
to approach the Electrical Research 
Association, Perivale, Middlesex. or 
Messrs. Electric and Musical Indus- 
tries, Ltd. 


Radio Components Exhibition, 1950 


The seventh annual Exhibition of 
British Components, Valves and 
Test Gear for the radio, television, 
electronic and  telecommunication 
industries will be held in the Great 
Hall. Grosvenor House, Park Lane, 
London, W.1, from Monday, April 
17, to Wednesday. April 19, 1950. 

Admission is by invitation of the 
organisers, the Radio and Elec- 
tronic Companent Manufacturers’ 
Federation (22 Surrey Street, 
Strand, London, W.C.2.). 





PAPER RESTRICTIONS 


With the lifting, in March, of paper 
restrictions on all periodicals there 
should be no difficulty in regularly 
obtaining a copy of “ELECTRONIC 
ENGINEERING” from newsagents. 
In cases of difficulty, readers are re- 
qvested to write to the Circulation 
Department at these offices. 


1949 INDEX 


Thej 1949 Index, Volume 21, is now 
available. Copies may be obtained 
post free on application to the 
Circulation Department. 















The Society of Instrument 
Technology 


The Society of Instrument Tech- 
nology has recently announced the 
formation of a new section dealing 
with the control field. The section 
is intended to cover the theory and 
practice of closed loop control 
systems, including _ servo-mechan- 
isms, regulators and process con- 
trollers: also problems of the 
human operator as a controller and 
when part of a larger control system. 

An inaugural meeting will be held 
on Tuesday, March 28, at 6.80 for 
7 p.m., at the Royal Society of 
Tropical Medicine and Hygiene, 
Manson House, Portland Place, 
London, W.1, when three short 
papers will be read, These are as 
follows :— 

Prof. K. A. Hayes, ‘‘ Servo- 
mechanisms Recent History and 
Basic Theory.” 

Dr. A. Utley, “‘ The Problem of 
Stabilisation.” 

Prof. A. Tustin, “‘ Problems in 
Control Systems which await 
Solution.”’ 

All who are interested in control 
mechanisms and allied subjects are 
invited to attend the inaugural meet- 
ing. If sufficient response is 
obtained, the inaugural meeting will 
be followed by a business meeting 
to deal with the formation of the 
Control Section within the frame- 
work of the Society of Instrument 
Technology. 


Demonstration of Ediswan Electro- 
Medical Equipment in Denmark and 
Sweden 


Ediswan _ electro-medical equip- 
ment, including the electro-encepha- 
lograph, electronic wave analyser, 
shock therapy apparatus, and nerve 
stimulator, was recently featured in 
an interesting demonstration given 
at the Rigshospitalet, Copenhagen, 
by Mr. E. G. Elton and Mr. F. 
Wilson of the Edison Swan Electric 
Co., Ltd. Among those attending 
the demonstration were Dr. 
Buchtal of the Universitetets neuro- 
fysiologiske Institut, Dr. Pirelli from 
Italy, who was visiting Copenhagen, 
and 81 other doctors from various 
hospitals around Copenhagen. 


Change of Address 


Hazlehurst Designs, Ltd. have 
moved from their old address to 
84 Pottery Lane, London, W.11. 

Electrical Sound and Television 
Patents, late of 12 Pembroke Street, 
N.1, have acquired new premises at 
2, 8 and 4 Manor Way, Boreham 
Wood, Herts. 
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MEETINGS THIS MONTH 


Institution of Electrical Engineers 


Unless otherwise stated, all meet- 
ings are held at the Institution of 
Electrical Engineers, Savoy Place, 

th F 

Ordinary Meetings 
Date: March 25. Time: 5.30 p.m. 
Annual General Meeting. 
Measurements Section 
Date: March 7. Time: 5.30 p.m. 
Lecture: The Fundamental Limita- 
tions of Second-Harmonic Type of 

Magnetic Modulator as Applied 

to the Amplification of Small 

p.c. Signals. 

By: Prof. F. C. Williams, O.B.E., 

D.Se., D.Phil., and S. W. Noble. 
Lecture: A New Theory of the 

Magnetic Amplifier. 

By: A. G. Milnes, M.Sc.(Eng.). 
Date: March 14, Time: 5.30 p.m. 
Lecture: A new Approach to the 

Design of Pulse-Monitored Servo 

Systems. 

By: A. Porter, M.Sc., Ph.D., and 

Ps W. Stoneman, M.B.E., 

M.Sc.(Eng.). 


Radio Section 

Date: March 7. Time: 5.30 p.m. 

Lecture: As the Measurements 
Section—Joint Meeting. 

Date: March 15. Time: 5.30 p.m. 

Lecture: The Structure, Electrical 
Properties and Applications of the 
Barium-Titanate Class of Ceramic 
Materials. 

By: Prof. Willis Jackson, D.Sc. 
D.Phil. 

Date: March 27. Time: 5.30 p.m. 

Informal Lecture: The Operation 
and Maintenance of Television 
Outside-Broadcast Equipment. 

By: T. H. Bridgewater. 

The General Secretary, The Institu- 
tion of Electrical Engineers, 
Savoy Place, W.C.2. 

South Midland Radio Group 

Date: March 15, Time: 6 p.m. 

Held at: Malvern. 

Lecture: Some 
Problems. 

By: Prof. G. W. O. Howe, D.Sc., 


Electromagnetic 


Date: March 27. Time: 6 p.m, 

Held at: The James Watt Memorial 
Institute, Great Charles Street, 
Birmingham. 

Lecture: A Storage System for Use 
with Binary Digital Computing 
Machines. 

By: Prof. F. C. Williams, O.B.E., 
D.Sc., D.Phil., and T. Kilburn, 
M.A., Ph.D. 

Hon. Secretary: W, H. Brent, B.Sc., 
Regional Dtrector’s Office, Mid- 
lands Region (G.P.0O.), Civic 


House, Gt. Charles Street, Bir- 
mingham, 4. 





Cambridge Radio Group 

Date :- March 21. Time: 6 p.m. 

Held at: The Cambs. Technical 
College, Cambridge. 

Lecture: The Acoustics of Studios 
and Auditoria. 

By: W. Allen. 

Secretary: G. E. Middleton, M.A., 
University Engineering Labora- 
tory, Cambridge. 

Mersey and North Wales Centre 
Date: March 15. Time: 6 p.m. 
Held at: The Temple, Dale Street, 

Liverpool. 

Lecture: The Nature of the Elec- 
tric Spark. 

By: Prof. J. M. Meek, D.Eng. 

Date: March 22. Time: 6.45 p.m. 

Held at: The Philharmonic Hall, 
Hope Street, Liverpool. 

Lecture: Faraday Lecture’ on 
** Radar.”’ 

By: R. A. Smith, M.A., Ph.D. 

Hon. Secretary: J. Gledhill. B.Sc., 
A.M.Brit.I.R.E., 123 Portelet Rd., 
Liverpool, 13. 

North Eastern Radio and Measurements Group 

Date: March 20. Time: 6.15 p.m. 

Held at: King’s College, Newcastle- 
on-Tyne. 

Lecture: The B.B.C. Short-Wave 
Transmitting Station at Skelton. 

By: S. A. Williams. 

Hon. Secretary: G. A. Kysh, Carliol 
House, Newcastle-on-Tyne, 1. 

North Midland Centre 

Date: March 6. Time: 7 p.m. 


Held at: The Town Hall, Leeds. 
Lecture: Faraday Lecture’ on 


** Radar.”’ 
By: R. A. Smith, M.A.. Ph.D. 
Date: March 14. Time: 6.30 p.m. 
Held at: Yorkshire’ Electricity 
Board Offices, 1 Whitehall Road, 
Leeds. 
Lecture : The Motor Uniselector and 
the Technique of its Application 
in Telecommunication. 


By: W. H. Grinsted. M.B.E. 
Hon. Secretary: F. W. Fletcher, 


Yorkshire Electricity Board, 
Manor Farm, Bramhope, near 
Leeds. 


British Sound Recording Association 

Date: March 24. Time: 7 p.m. 

Held at: Royal Society of Arts, 
John Adam_ Street, Adelphi, 
Strand, W.C.2. 

Lecture: Microphones and Balance 
Technique. 

By: F. W.. Alexander, 
A.M.1.E.E. 

Secretary: R. W. Lowden, “‘ Way- 
ford,’”’ Napoleon Avenue, Farn- 
borough, Hants. 


Ph.D., 


The Television Society 
Constructors’ Group 
Date: March 2. Time: 7 p.m, 
Held at: The Cinema Exhibitors’ 


Association, 164 Shaftesbury 
Avenue, W.C.2. 
Lecture : Interlaced Pattern 


Generator. 
By: F. Cox. 

Secretary: T. M. Lance, 35 Albe- 
marle Road, Beckenham, Kent. 
Midlands Centre 

Date: March 6. Time: 7 p.m. 
Held at: The Lecture Hall, The 
Crown Restaurant, Corporation 
Street, Birmingham. 
Annual General Meeting. 
Secretary: W. Summer, 31 Beech 
Road, Birmingham, 30. 
Leicester Centre 
Date: March 1. Time: 7 p.m. 
Held at: Room 104, the College of 
Art and Technology, Leicester. 
Lecture by Ultra Electric, Ltd. 
Date: March 16, Time: 7 p.m. 
Held at: The Mitre and Keys Hotel, 
Applegate Street, West Bridge. 
Annual General Meeting. 

Date: March 22. Time: 7 p.m. 
Held at: Room 104, the College of 
Art and Technology, Leicester. 
Lecture: The Construction and Use 
of Wobbulators for Alignment of 

T/V_ Receivers, 
By: R. H. Hibberd, B.Sc. 
Secretary: A. E. Moore, 110 Don- 
caster Road, Leicester. 


Radar Association 


Date: March 7. Time: 7 p.m. 

Held at: Albert Tavern, Victoria 
Street, London. 

Monthly Meeting. 

Hon. Secretary, Technical Com- 
mittee: J. C. Warren, 57 Gallows 
Hill, Kings Langley, Herts. 


Institution of Post Office Electrical 
Engineers 

Date: March 28. Time: 5 p.m. 

Held at: Institution of Electrical 
Engineers, Savoy Place, W.C.2. 

Lecture: Television Radio-Relay 
Link. 

By: A. H. Mumford, O.B.E, 

Informal Meeting 

Date: March 22. Time: 5 p.m. 

Held at: The Conference Room, 
4th Floor, Waterloo Bridge House, 
S.E.1. 

Lecture: The Practice of Telecom- 
munications Maintenance. 

By: J. W. Rivis. 

Secretary: W. H. Fox, Engineer-in- 
Chief’s Office (T.P. Branch), Alder 
House, E.C.1. 
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In our production of waveguide tubing, 
technique has more than kept pace with 
the demand for greater accuracy which the 
use of higher frequencies has brought. 
Close dimensional tolerances, internal 
angles of minimum radius and an ex- 
tremely high internal finish are character- 
istic of our product in all its many 
combinations of material and size. 


Data sheet 2491 gives full details of our 
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FREEDOM FROM 
DISTORTION THROUGH- 
OUT WHOLE LENGTH 


MINIMUM RADIUS OF 
INTERNAL CORNERS 


One of the specialised products of Johns on (ip 


JOHNSON, MATTHJEY & CO., LIMITED, HATTON 


GD 136 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD.. 


experience. 


over the Andes. 


of maximum efficiency. 


: Marconi w: GREATEST iia IN WIRELESS 


MARCONI 


Matthey 


GARDEIN, LONDON, €E.C.1 


Telephone: HOLBORN 9277 


Continuously in Service, 
Day and Night 


Noon over Nanking. Dawn over the Atlantic. Blackness 


In all parts of the world, at all times 


of the day and night, Marconi built stations are in 
operation, broadcasting or sending telegraph messages 
and giving unrivalled service. Wherever ships and aircraft 
are plying, you will find Marconi apparatus guiding 
them, every hour of the day, every day of the week. 
Pioneers in Wireless Communication fifty years ago, 
Marconi’s still maintain their leadership. Behind every 
new development there will be Marconi’s accumulated 
Behind every new piece of Marconi equip- 


ment there will be the honoured name as an assurance 
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These three rectangular instruments are designed 
on symmetrical lines, thus giving a distinctive clear 
open scale and pleasing appearance. Each size 
available in all standard ranges. The Series 65 and 

35 can be fitted with dial illumination. ‘ 
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SUPPRESSION 


/e ’ 
As specialists, with unumited research 
and development experience in any we / 
capacitor application, Hunts can help 
you considerably with the low-cost pro- ag 
duction of suppressor equipment to 
B.S.S. specification and to any reason- 
MVAVAVINI\\\\) able dimension for practically every A typical 





: : : iy example of 
possible kind of equipment. Design- Hunt's suppressor 
oat capacitator types, 
ers and manufacturers are invited to Size: 2”x}” dia. 0.1-+ 
“™—— let us know their requirements—in 0.005 + 0.005 250v. 
A.C. wkg. to 
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about 4 Eddystone Receivers! 
| Eddystone ‘680’ COMMUNICATIONS RECEIVER 3 Eddystone ‘670’ MARINE RECEIVER 


Uses 15 modern valves in advanced circuitry. Designed primarily Designed primarily for ship’s cabin listening, working from A.C. or 
for professional communications requirements and critical amateur D.C. 110-200-230 volts. (Incidentally, good results still obtained 
use. Coverage, 30 Mc/s. to 480 Kc/s. (10 to 620 metres) continuous. when mains are down to 90 volts). Dependent on Export Allocations 
Export orders take priority, but we have a few a small number are available for the home market. The home listener 
immediately available for the home market. Fully £89 5. 0. requiring an efficient and reliable A.C.-D.C. receiver is invited to 
informative brochure free on request. (No Purchase Tax) inquire as to availability. Our sea-going friends £39 7, 6, 
know Wess’s make a speciality of supplying to Blus Patch 
the London Docks at short notice. (Plus Purchase 
Tax £8.19.2) 
Eddystone ‘ F 
2, Eddystone * 750" COMMUNICATIONS RECEIVER 4 Eddystone ‘710° ALL WORLD SIX RECEIVER 
An amateur and professional receiver offering a new approach to An overseas receiver, 6 valves, including R.F. Stage and push-pull 


selective reception in congested frequency bands. Uses 11 valves ° i i 
: btn ta ‘ a beth utput. For operation from a 6-volt accumulator, a feature being the 
in a double superheterodyne circuit with variable selectivity. ‘Scat agian procs of 2.5 amperes. Available from a 


Cover, 32 to 1.7 Mc/s. and 1,465 Kce/s. to 480 ‘ imi i is " 
Kc/s. Supplies now available. Please ask for £49 10. 0. Foy Fon Borgia orders, also limited allocation (Plus tony 
3 Tax £8.19. 


full technical details. No Purchase Tax) 
: (Purchase Tax is not applicable if exported) 

14 SOHO STREET, OXFORD STREET, LONDON, W.! 

Phone: GERrard 2089. Shop Hours 9 a.m.—5.30 p.m. Sats. 9 a.m.—I p.m. 
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Taylor moving iron meters are 
repulsion type instruments of an 
improved and patented design, 
noteworthy is the almost linear 
scale shape from 20% to full scale. 
Available in round flush and semi- 
flush rectangular types, many 
ranges are ‘‘ex stock’’ 


Illustrated catalogues of all Taylor 
products gladly sent upon request 
SERIES 350 
Other products include: MULTIRANGE A.C. D.C. TEST METERS 
SIGNAL GENERATORS e@ VALVE TESTERS e@ A.C. BRIDGES 
CIRCUIT ANALYSERS @ CATHODE RAY OSCILLOGRAPHS 
HIGH AND LOW RANGE OHMMETERS e@ OUTPUT METERS 
INSULATION TESTERS @ MOVING COILINSTRUMENTS 


TAYLOR ELECTRICAL INSTRUMENTS LTD 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND 
Telephone SLOUGH 21381 (4 lines) e Grams & Cables TAYLINS; SLOUGH 








“Ss tc. ee 


VISTON IN 


Tur ADVANCE SIGNAL GENERATOR 
TYPE Ez has been designed with an eye to future 
developments in the Radio and Television fields. 
Its wide range of frequencies, from 100 Kc/s to 
100 Mc/s on fundamentals, caters for the rising 
frequency requirements of modern radio and 
communications. It is a fine example of ‘Advance’ 
design and manufacture. This generator offers an 
instrument of laboratory standard at a price within 
the reach of moderate purses. The remarkable high 
frequency accuracy of -+-1°% extends over the 














~ 





Range: 100 Kc/s.—i00Mc/s. 


in 6 bands. 


Stray Field: Less than 3V at 


whole range. 


100 Mc/s. 


Frequency: Guaranteed within illuminated Dial: Total scale 
140 length, 30 in. 


o- 


* Send for fully descriptive leaflet.... 


Power Supply: |10—2i0— 
230—250 volts. 40-100 c/s. 


Dimensions: 9} in. high 
13 in. wide x 8 in. deep. 


Weight : 15 /b. 


Output : Approx. | volt 
unattenuated and variable from 
1 uV to 100 mV into a 75 ohm 
load through a matched trans- 
mission line. 


AUVANel ove 


ADVANCE C:0: 4: ?P OWNE-N'T-S 
Back Road, Shernhall Street, Walthamstow, London. E.17. 


Se Re Sant 
Tel. : LARkswood 4366/7/8 


SIGNAL GENERATOR 
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: @ 4 SMALL 
: PRECISION 























s 
: 
f 
co This ‘Carpenter’ Relay produced 
pun” by The Telephone Manufacturing Co. 
Ltd. incorporates two ‘HYCOMAX’ Sintered 
Magnets. These are essential where Small 
i Complex Shapes, high magnetic efficiency and 
stability are required. 
——_— MUREX LIMITED - RAINHAM - ESSEX 
APHS F - 
ETERS STAND 2 R.C.M.F. EXHIBITION, APRIL 17-19th, Great Hall, Grosvenor House, Park Lane, London,W.1 
NTS : 


me key 


| wee FROM BBC STUDIOS TO 


ft 9 
y, 4 The same skill and quality that is demanded for B.B.C 
/ FADERS goes into the construction of all Painton 
products. 
Wherever trouble-free, noiseless variation of level is 


required, either by fading or attenuation to pre- 
determined settings, you can, with confidence, rely upon 


> byPAINTON 


PAINTON ECO LTD «KINGSTHORPE: NORTHAMPTON 

















% Improved Picture Gualily 
and Manumum E; Wicvency 


TELCON have recently introduced a new 80 ohm balanced screen 
twin feeder for fringe area operation. This coupled with our well- 
known K.12.SM. covers all possible requirements for screened twin 
television aerial feeders. 

CABLE CHARACTERISTICS 























Area Local Fringe 
| Code K.12.SM. | BA.24.PSM. 
| Attenuation db/100 ft. at 45 Mc/s 5.9 25 
Overall diameter 0.232’ 0.297” 





Further details of these and other R.F. Cables on application. 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO LTD 


Office: 22, OLD BROAD STREET, LONDON, €E.C.2. Telephone: LONdon Wall 314! 
riesta: TELCON WORKS, GREENWICH, S.E.10 Telephone: GREenwich 32 
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Also 4-inch square 
and 6-inch 


portable patterns 


24 and 34-inch 


ROUND PATTERN 


INSTRUMENTS 
BS First-grade 
“eX Moving-coil 
Rectifier 
Dimensions to KI13 Thermal 





Especially suited for incorporation in test gear 


These are some of the instruments made by— 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Telephone : Dartford 2989 
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: Electrical Standards for 


SULLIVAN-GRIFFITHS 
DUAL DIAL NON-REACTIVE Research and Industry 


DECADE RESISTANCES Testing and Measuring Apparatus 
FOR D.C. AND A.C. for Communication Engineering 


¢ 
Uy OF ALL FREQUENCIES 
NOVEL AND PATENTED 


ACCURACY BETTER THAN 0.1% 








creen Screened Resistances of guaranteed accuracy 
well j exactly similar to our well-known Decade 

= s Resistances but specially arranged so that one 
twin box of a given number of dials gives many 


different values of maximum resistance. Thus 
a three-dial box (as illustrated) may be used, 
for instance, for 





three decades of Thousands, Hundreds and Tens 








SM or three decades of Hundreds, Tens and Units 
ered or three decades of Tens, Units and Tenths 
or three decades of Units, Tenths and Hundredths 





— 1H. W. SULLIVAN 


The advantages of such a system will be obvious, for in addition to 





i — LIMITED — the economy involved much space is saved and the residual 

Ke resistance and inductance is much reduced. 

a LONDON, S.E.15 The resistances are available in 3-dial, 4-dial and 5-dial types, with 

: subdivision of 0.001% to 0.1% depending, of course, on the number 
| Telephone : New Cross 3225 (P.B.X.) of dials incorporated. 














Resistors. A parcel containing 100 popular assorted | You'te SURE to get it at] A Midget T.R.F. Battery Portable “Personal ” Kit. 


values for 4 watt type, 6/-, or $ watt, 8/9. > A complete Kit of Parts to build a Midget 4-valve 
Coils. Denco T.R.F. Matched Pair Medium and Long aay Battery Personal Set. Consists of Regenerative 
Waves, 6/6 pair. Weymouth T.R.F. Matched Pair M. Circuit employing Flat Tuned Frame Aerial, 
and L.Waves, 9/6 pair. er MatchedPair S.M. and ‘a ga Iron Dust Cored Coil, thereby ensuring 
L. Waves, 8/9 or 11/6 pair. All types Wearite “ maximum gain for Single Tuned Stage covering Medium 
Coils, 3/- ‘each, in stock, ee Midget 14 in. x Waveband, 
in. dia., Iron Core, Aerial H.F. or Osc., 3/6 each. zz Valve Line-up :_IT4 (R.F. Ampl.), IT4 (Detector), IS5 
Electrolytic ¢ Capesiters B.E.C. Mid et Can Tubular, , (Ist A.F.) and 3S4 (output). Includes latest Rola 3-in. 
8uF 450 V (1 in. x § in. dia.), a ; 8-8uF 450 V TABLISHED 25 YEARS = Moving Coil Speaker, and a Chassis already drilled and 








(din. x Vi "3 fe 4/-: 16-8uF 4 V(I8 i in. X | in, shaped. A consumption of only 7 mA ensures long 
dia) 4/6; 3 350 v, 2/6 (450 V, 5/-) ; 16-1 6yF battery life. The Kit is designed for a cabinet, minimum 
450 V (If in. ~ Mh in. dia), ss, : os ilier “* yop 4 size 6} in. x 44 in, X 3 in. Detailed Building Instruc- 
Card Tubular at san ay Sure V, 6uF 500V, 5/6: B.1. Can, tions, with Practical Layout and Circuit included with Kit make assembly easy. 
oer ao eet? nie F 500 V, 7. uF 500 V, 4/3 3 16-16 Price for renee Kit £3/18/9 (plus 16/7 P.T.). Suitable unpolished Cabinet 
32uF 300 | V, ye 1 New Stock. Shi in. X 44 in, x 3 = 2 pee a Reatv BI 14 Battery, 9/7. Building Instructions, 
Osmor aes Coil Packs. Size Bg X 2hin. x 1} in. Coils wound on Polystyrene a ircuit, etc., supplied separately, 1/6. 

ep with adjustable iron cores ensures efficient performance. Factory wired Wireless World” Midget A.C. Mains 3-Valve Receiver, covering Long and 
and aligned. Price including full circuits, for Superhet 465 Kc/s., covering S, M Medium Wavebands. We can supply all the components, including Valves, 
and L Waves, 33/-. For T.R.F. circuit covering M. and L. Waves, $6/+. M ‘Coil Speaker, Drilled Chassis, etc., to build this set as specified in the February 
Battery Portable oak Pack, including ready-wound Frame Aerial, available 1950 issue at a total cost of £4.5s , including Wiring Diagram and detailed Assembly 
gio « Wireless Warka hi spoon fe 2-Valve R W ly all 
LF. Chsies, Midget 10 Hy. 250 ohm 40 mA., 3/6 ; 15-20 Hy. 250 ohm 60 mA.. theo - Mains ve Recziver. We can supply a 
‘ ponents, including valves and M/Coil Speaker to build this set as specified 
5/6 ; y- 300 chm 100 mA., 12/9; 5 Hy. 50 ohm 250 mA., 18/6 ; 20 Hy. in the March i issue ata total cost of £3. Reprint of detailed assembly instructions 


250 Kd % mA, 18/6 ; 20 Hny 250 mA 300 ohm, 22/6. 
Aluminium Chassis. Substantially made of gauge 16 S.W.G. with four sides; 
7 in. x4 in, x2 in., 3/3 ; 9 in.x5 in.x 2b in,, 4/- ; 10 inx6 in. x 2} in., 4/11, 


and circuit supp'i:d separately for 9d 
We can now sup ly a Complete, Set of Components, including Drilled Chassis, to 
convert the “ Wireless World" Midget A.C. 2-Valve Receiver to a 3-Valve Set 


watts - xt ery ina " 13,6 in < 2 a mae in. x9 zi x24 in. governs L. and M. Waves, for 33/6. Complete re-assembly instructions available 
leter Rectifiers, Westinghouse H 7 “ Electronic Engineering ” Valve Voltmeter. We can supply the Complete Kit 
Selenium Rectifiers. H.T.L. Wave, 250 V 50 mA., 5/6, 200 V ‘10 mA., 5/9 5. of Parts, including the Valve, Diode and Meter, oo to build this instrument as 


250 V 100 mA., 7/6. Bridge Rectifier, 6 V It mp. "11/9. 12 V 14 amp., 12/6. 
12 V 3 amp. 19/6. 12 V5 amp. 25/-. 24 V 3 amp., 23/6. 


published in the January issue of * * Electronic Engineering,” complete with a 
reprint of the wiring diagram and assembly instructions (supplied separately for 





Charger Transformers. Each has an input of 230 volts. ‘Outputs : (a) 24 volt ah cisthaliconk ch 
; — i. 9 o att “. at 3 amps, aU ; &) 4 is opis. \ V and 9Vaet TELEVISION !! The “Viewmaster” Televisor assembly iaserections showing 
] teh) )15 Fgh wed 9V +6 nano volts at Ig ampe., Wiring Diagram and Practical Component layout, now available for, 5/-, We 
ye one eee wins iw have the specified Components, including the T.C.C.—Bul, igin—Morganite—W. B. 
Valve Heater Auto Transformer. Ste pod or ng po (a) 1V, 2 V, 4V, 5V or —Westinghouse—Plessey—Colvern, etc., outfits in stock. Separate Components 
6.3 volts at 3 amps., 9/6; (b) 4 volt = ty 7” It 2 amp. Reversible, 6/6 ; also available. 
(c) 4 volt 3 amp. to 6.3 volt 2 amp., Reversi le, 6 “ Electronic Engineeri: ” Televisor. Complete hog of specified Components 
Filament Transformer. Inputs 230 volts, ecw ; V I amp., 7/6; 4 V 14 am in Stock, instruction 7 y booklet for 2/6 (Midland " 6). 
76; hao 200/250 V, output 4 V (C.T.) 1 amp., 4 V 2 amp., 6.3V2 amp., 19 6, *Our New Comprehensive Stock ‘List Feb. 1950, is now available, price » 3d. 
Cutter. Adjustable between } in. and 2$ in. dia., used with It includes, pom of various Radio Kits of Parts, Coinponent Price List of the 
Hand Brace, 7/6. latest Television Kits, i.c., Viewmaster, Electronic, Denco, etc. 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. Telephone : CENtral 5814 and 2280 When ordering p!ease cover packi g and postage. 
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For reliable, continuous and quiet service .... 


“SPEEDIVAC” Rotary Pumps 


The famous ‘‘ SPEEDIVAC ” range of single and 
two-stage rotary pumps, specially developed for 
research, exploratory and instructional work in the 
electronics laboratory, have been successfully in- 
corporated in vacuum impregnation of cables and 
components, valves and lamps, metallic coatings in 
the production of quartz crystal, condensers, 
resistors, etc. 


The MODEL ISP30 (illustrated) 

is a brilliant newcomer to the laboratory—and 
the “SPEEDIVAC” range—with an_ ultimate 
vacuum of 0.02 mm. Hg. and a displacement of 
30 /itres'min. 


PRESSURE : 10 Ib./sq. in. (0.7 kg. sq./cm.). 





. - « For Better Vacuum Service... 


W. EDWARDS (Cowen'syDeNHAM, LONDON, $626 


Telephone : SYDenham 7026 (8 lines) Telegrams : EDCOHIVAC, Souphone, London 








ALL COMPONENTS SUITABLE FOR USE IN THE E.E. 
Complete chassis assembly fitted with valve holders, sockets £4 13 9 Cathode wad Tube eg 12 in. a ine £15 2 5 
As above less valve holders, etc. ... 42 17 6 Mazda CRM-121 12 in. sec i “2 $8 
Sound receiver chassis with valve holders andcoil formers <‘e 18/9 - oo oe ere tain, vn ar £15 2 5 
Vision receiver chassis with valve holders and coil formers fitted 22/6 a G.E.C. 6501 9 in. ae ie ae £il 6 9 
Sound receiver chassis less valve holders, etc. — ies {S/- ss » oo» Mazda CRM92 ape us £11 6 9 
Vision receiver chassis less valve holders, etc. ae nex 15/- # » ~~) Mullard MW22- 4c. mee £i1 6 9 
Time base chassis with valve holders, etc. ao exe ss 17/6 ae » oo» Masks for |2 in. tube ‘White. ove 5%6 21/6 
Time base chassis less valve holders, etc. a hae see 15/=- 5 a es oo | we AR En. 4, ak ie ne 18/- 
Power chassis with valve holders, etc. ... on ou ne 25/- eee | a ons oat 11/6 
rte — less po — er ioe ons sie 17/6 “ 9in. ,, Black sa Wee 9/6 

antries and control pane am = — oe Fer 10/= 
mana. . .  . ..hUll le Haynes EHT RF Oscillator ynit-varible from 5.8 KY... sss 
Haynes scanning coil $914 és ee on Rick 38/3 All Tce i ified rh ‘co e hi t beg 
Haynes Output transformer TWé/ 126 vii 2h sus ess 36/=- Cc 1 neny 7 oe are on dle ae ot ntiometers £2 0 9 
Haynes EHT transformer 4 KV. 1J18/4000_... eee, ype mae cre ohn cme lggaaaealiatay 
Haynes EHT transformer 5 KV. TJ18/5000_ ... | ee (London) 2/6 
ee 1 bee apart mg aos See hee £4 ga Point to point wiring diagram (London). : - os 0 2/6 
Woden 5 H 250 rie Ny re 5 Yr; = i es 29/- Book of i a ene anaes with \ point | ‘to ane 
Complete set of coils for London “frequencies as ate mee 15/- wiring diagram 
Complete set of colls for Birmingham frequencies... pak: 17/6 When ordering please include sufficient for postage and packing. 
Send for complete price list of components (24d. stamp). 
When ordering masks please state type of tube being used. 
-, 
: Shop Hours: Monday—Saturday, 9 a.m.—6 p.m. Thursday, 9 a.m.—I p.m. 
I: TELE-RADIO (1943) LTD., 
3 
177 EDGWARE ROAD, LONDON, W.2. 
L T D PAD 6116/5606 AMB. 5393 
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)’ THE NAGARD TYPE 103 OSCILLOSCOPE & Oscillometer 

























= e e 
ps FIVE INSTRUMENTS IN ONE! 
sle and GOOD TRIGGERED TIME BASE OPERATION PROVIDES EXCEPTIONAL 
ed for DISPLAY OF HIGH SPEED PULSES AND COMPLICATED WAVE FORMS. 
in the ra 
lly in- 1 A VERSATILE, easily operated THE unit construction of the Nagard 
es and means of displaying, measuring Type 103 adds even more facilities as 
ings in and recording all kinds of D.C. and when you need them. 
nsers, and A.C. phenomena. All measurements are aided by the 
s ability to see on the 5 in. screen a steady 
4 9 FREQUENCY METER accurate — undistorted picture of the signal under 
i to 2 per cent up to 10 Mc/s. observation. 
The simple controls facilitate easy ob- 
—and 3 TIME INTERVAL METER J seryations and pleasurable work. 
timate down to 0.1 secs. 
ent of Er A 
4 VOLTMETER—10mV to 1000 ia 
V.D.C._or A.C. to 10 Mc/s. NAC 
5, NEW TYPE D.C. AMPLIFIER =—AR/ 
—voltage calibrated—high gain. Si 
voltage calibrate igh gain ee yy hae ‘ke 
iS SOE Measure ee 
# Phone : Grams: nea, = bry 
BRixton 3550 245, BRIXTON ROAD, LONDON, S.W.9.  Cjaproad, London Be POO 
nceaieiealecedl 








PLAN YOU R T/V Experts agree .. 
CA R E E R that Murphy Radio Ltd. have accom- 


plished a wonderful engineering feat in the 


R A D | 0 - T E L EV l § | 0 N TPG11 Television Pattern Generator. A unique 
an d ot h er | N D U S$ T RI A L portable instrument, the TPG11 gives a test 








4 AA . ng 
AA : pattern with all the correct timing pulses, etc., 
) Z ELECTRONIC su bj ects and can be used for all television testing, 
; g ELEMENTARY & installation, fault finding and setting up IN 
3 | ADVANCED COURSES | THE ABSENCE OF A _ B.B.C. TRANS- 
MISSION. The TPG11 must not be confused 
a with cheaper types of pattern generator which 
DAYTIME do not produce the correctly timed B.B.C. 





@ Principles and Practice of Radio—I year. | synch. pulses, and are, therefore, only of 


@ Telecommunication Engineering—2 years. limited use. The immense value of the TPG11 

@ Electronic Engineering—3 years (including one | will be realised when one considers how much 
year’s practical training in E.M.I. Factories) — time is saved in being independent of 
leading to C & G full Technological Certificate. | Sotmaeatnaiien hens: 


(Next courses begin April 1950) 








also HOME STUDY For full specification, write to: 
j @ Basic Radio @ Basic Television @ Industrial F. LIVINGSTON HOGG 
Electronics @ Maths. @ Physics. 65, Barnspury Street, Lonpon, N.1. 
or Telephone T'U Dor 5277 
Write for FREE BOOKLET to Dept: 11 and arrange a demonstration 
Associated with a, i nis 

f M i INSTITUTES os Ba a F. LIVINGSTON HOGG, SPECIALIST 
sl Gels MARCONIPHONE IN .HIGH-GRADE INSTRUMENTS 
10 PEMBRIDGE SQUARE, NOTTING HILL GATE, LONDON, W.2 COLUMBIA FOR THE COMMUNICATIONS INDUSTRY 























4 Telephone: BAYswater 5131/2. ETC 
















PUSH BUTTON 


ATTENUATOR 



























True V.H.F loss measurement at last! 


An outstanding development which in the first | 


year of production has fully established itself with | 
leading British communication organisations and 
remains the first and only accurate instrument of 
its kind. | 





Two models available 
Type 74600-A : 0-9 dbin Idb steps 
Type 74600-B : 0-90 db in 10db steps 


Both have a 75-ohm characteristic impedance 
and will handle inputs up to 0.25 watts. 


90 Mc/s Performance * 








| 

MopeL |YARIATION BETWEEN ACCURACY OF 
50 Mc/s and D.C. D.C. ADJUSTMENT | 

O- 9db |<+ 0.01 db per step | + 0.05 db at all settings | 
0-90 db |<+ 0.1 db per step | + 0.03 db per step | 

















* Insertion loss relative to zero setting 
Ready for building into your own equipment 


Calibration charts for frequencies up to 100 Mc/s for 
the 0-9 db model or 60 Mc/s for the 0-90 db model | 
can be supplied on request. | 


Srandard Telephones and Cables Limited | 


Registered Office : Connaught House, Aldwych London, W.C.2 
TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, E.16 | 
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| city but only needing 14 cu. ft. Moreover, as the gas 


| charge and discharge, and so is electrically most reliable. | 








lakes unp less 
{n a typical case, a conventional battery occupying 18 cu. ft. 


of space was replaced by a Nife battery of identical capa- 


produced by a Nife battery is innocuous, no separate 
battery room was needed. This compactness of Nife Bat- 


teries is only one of the reasons for choosing Nife for 














switchgear operation. In addition, Nife is made principally | 
of steel, and so is chemically and physically almost inde- 


structible. Nife is also unaffected by the heaviest rates of 


| Many records show that it costs practically nothing to 


maintain a Nife battery. That’s why so many are in use in 
the main grid power stations. (N.B. Nife batteries are not yet 


available for privatz cars or domestic radio.) 





STEEL BATTERIES 


NIFE BATTERIES - REDDITCH - WORCESTERSHIRE 
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TELCON’S LATEST MAGNETIC . 
DEVELOPMENT | 


HCR. 


ALLOY 
commenti guanttwed a 


B (KILOGAUSS) 














“H.CR.” 


ALLOY TYPICAL sn > 
D.C. HYSTERESIS 
LOOP 





¥18 cu. ft. 





ical capa- 


s the gas 
H 





separate , : : : 3 
Nife Bat- (OERSTEDS) 
Nife for , 
Saturation 15,600 Gauss 


rincipally ! Remanence 14,800 Gauss 
Coercivity about 0.2. Oersteds 























ost inde- 
10 

t rates of | 
reliable. | 

e His 
‘thing to B (KILOGAUSS) 
in use in 
re not yet The magnetic properties of this alloy 


make it suitable for mechanical 
rectifiers, magnetic amplifiers and 
special forms of reactors. | 





SON | 


Founded 1864 | 
| 
SS | SOUTHERN INSTRUMENTS LIMITED 


Full technical details on request from : — | FERNHILL HAWLEY CAMBERLEY SURREY 





THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 


22 OLD BROAD ST 
ga N WORK 





RSHIRE 
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EKCO A general purpose A.C. 
amplifier developed in con- 

junction with the A.E.R.E. 

L I N E A R giving a maximum overall 
amplification of 1,600,000 


over the frequency range 


| AMPLIFIER of 20 c/s to 500 Kc/s. Very 


| low noise level allows useful 





1 0 0 £ amplification of signals of a 


few microvolts. 





Write for catalogue giving 






specifications, prices and delivery dates of the 


complete range of equipment for the radiochemical laboratory 


| | Seer complete range on Physical Society Exhibition Stand 
| E 81 and B.1.F. Stand No. C52 (Olympia) — 


SAVAGE gy DEVIZES | a a C 0 MEA beclontds 















































SAVAGE TRANSFORMERS LTD. NURSTEED ROAD, DEVIZES, Wits. E. K. COLE LTD. (Electronics Division), 5, VIGO ST., LONDON, W.1 a 
Telephone : Devizes 536 pak 
I 
18, TOTTENHAM COURT ROAD, l 
Nie LONDON, W.1. Phone : MUSeum 2453, 4539 
SHOP HOURS: Mondays to Fridays 9—5.30. Saturdays 9—1 
FULL MAIL ORDER FACILITIES :: | PLEASE ADD POSTAGE : 
RD PLAYERS AND MOTORS SPEAKERS 
Collaro RC49. Pe si lek aadel mixed automatic Record Changer for | Goodmans Axiom 22. The latest high-fidelity 20-watt seinen: magnet 12 in. 
AC. coeueion am, on 100/2 250 volts supply .. £14 6 8] speaker £12 13 0 
Collaro Drive Gram Unit. Comprising motor board, with auto stop motor Goodmans Axiom 12. 12 in. speaker: with twin cones, ISwatt ... £8 8 0 
and 10 in. turntable. A.C. operation 100/250 volts. Wharfedale W12 Unit. !2 in. unit with sand response from 25 to 10,000 cps. 
With Bakelite arm and magnetic ——ae - a £5 3 peak input, 15 watts £7 0 0 
With Sones arm and crystal pick-up—AC505CB a ‘ £5 17 4 Wharfedale W10 C'S. The ‘popular 10 in. speaker for quality enthusiasts. 
Collaro AC47 Motor. A heavy duty speed-controlled motor ‘with a 12 in. Speech coil 2/3 ohms or 12;15 ohms. £7 5 0 
non-magnetic turntable. Fixing bolts and rubber Wharfedale Golden 10Cs. An increasingly 
suspension provided. A.C. operation 100/250 popular 10 in. unit providing ond quality at a 
ee Le ee elses Wachter 
or. e atest interference- 9 ther we nown artedale ‘spea er units 
free, totally enclosed A.C./D.C. gram motor with THIS MONTH S BARGAIN available from stock are listed below. (Please 
auto stop and |2 in. turntable. For operation on note new prices.) 
— 250 volts A.C./D.C. mame or oat SET OF MIDGET B7G VALVES CON- Wharfedale 10 opie, Schum) 0400 
r m: 
DECCA Record Player Unit, Competing SISTING OF ONE EACH Supr8ia.CS..  .. . 4.0 8 
motor board, turntable and well-known Decca 1T4 IRS 1S4 1S5 8in. Bronze... an ‘i aa 2 
as ht pick-up <a 5. ’ ’ 8 in a she sh me = . : 
-' Res dive een 
Wilkins & Wright. A light-weight moving ALL NEW, BOXED“AND GUARANTEED. oe sareumas 
coil pick-up with a frequency response from 5 to - 
15,000 cps. Including transformer £710 7 ONLY 27/6d. Post Free ‘The new range of S.H.E.F.I. permanent needles 
Cc A tic pick-up giving 0.5 is now available as follows :— 
volts at the secondary of the special coupling Standard size, —— or trailer type, 
transformer. Response 25-12, cps. SAPPHIRE .. each 6/6 
Including transformer ..» £410 5 | Standard size, straight or trailer type, RUBY ins an .. each 8/8 
Goldring 121. An attractive "Tight-weight "pick-up requiring no transformer. | Miniature size, straight or trailer type, SAPPHIRE ... is .. each 6/6 
Complete with sapphire ... 1 4] Miniature size, straight or trailer type, RUBY .. each 8/8 
The well- ar Decca light- weight pi pick. up complete with h sapphire; . Please state type of pick-up when ‘ordering. 
eo requir ae sia £3 x, “ok 
cement sapphire for above .. 
Goldring Headmaster. Complete with three quickly interchangeable heads to suit VIEWMASTER Q 
all types of recordings, matching transformer and Goldring ir All specified p ow ilable for London and Birmingham q 
Rothermel Senior Model now only £2 0 6. 2 Model now only Editions at —_— oie 
£1176. S8 Model now only £1176. U48 Model now only Pa 82. Table Cabinet, as specified .. each £617 6 — 
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Scophony 
—=BAIRD= 
TRANSFORMERS & CHOKES 


designed and 
manufactured 
to suit your 
specific needs 


HERMETICALLY 
SEALED TYPES 
—up to IKVA. 


Hermetically sealed 
oil-filled E.H.T. type with 
expansion-bellows 


DOUBLE- and 
AUTO - WOUND 
OIL/AIR 

COOLED TYPES 


—up to 50KVA. 
(Single for 3-phase) 


Send your next enquiry to :— 


SCOPHONY-BAIRD LTD., (Division 6), WELLS, SOMERSET 
Telephone : WELLS 2081-5 
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SOLON electric soldering irons have proved their capa- 
city for continuous service under the most exacting 
conditions. 5 models; 240 watt oval tapered bit; 125 watt 
oval tapered and round pencil bits and 65 watt oval 
tapered and round pencil bits. Each model complete 
with 6 feet of Henley 3-core flexible. Now available 
from stock. Write for folder Y.10. 


W. T. HENLEY’S 
TELEGRAPH WORKS 
co. LTD. 

51-53 Hatton Garden, 

London, E.C.1 ELECTRIC 


SOLDERING IRONS 





























NUSOUND PRODUCTS, 136 Wardour St., London, W.| 
Tel. GERrard 8845 
VIEWMASTER 


Full range of cc now available for the London and Birmingham areas. 
Every component supplied separately if desired. Complete constructiona 
details, including state by stage blueprints and itemised component price list 
for London or Birmingham, 5/# post free. 
OUR DEMONSTRATION MODEL IS ALWAYS ON VIEW 
ELECTRONIC ENGINEERING TELEVISOR 

Constructional Booklet, fully illustrated and described, for the benefit of Home 

onstructors. London Area model London Area model blueprint, 2/6; 
Birmingham Area model with blueprint, 4/6. 


ALL COMPONENTS FROM STOCK INCLUDING WOUND COILS. 








QUALITY AMPLIFIER A.C. OR A.C./D.C. MODEL 


Illustrated 16-page booklet giving full constructional details for the 
building of a small power amplifier (4 watts) for operation from A.C. 
or A.C./D.C. mains. Includes negative feedback and independent 
Bass and Treble boost controls. Booklet, 

Complete Set of Components for building the above, including 
new valves, A.C. or A.C./D.C. model, £8 0 0. 

As above, including surplus valves, A.C. model only, £7 0 90. 
(Fully constructed Naive with 12 months’ . oe excluding 


valves), A.C. A.C./D.C. model, £10 1 


TELEVISION AERIALS 


The famous K. & A, Television Aerials listed below can be despatched to any 
“Pp of the a for an additional charge of 1/6. Installation can also 











arranged. Quotations free on request. 
Inverted T or “V Loft Aerials, type I/T or I/V_... ee i es 
Single Dipole for wall or eave fixing, W/D or E/D nf ) See 
Standard Lashed Dipole, type L/D si . £210 0 
Standard Lashed Dipole with reflector, type L/DR £315 0 
Complete a wave array daa 10 ft. pine “a and double lashed —_~ 
type L2/DR3 ist £9 6 


CHASSIS 
Aluminium Chassis made to any specification, including drilling as necessary. 
Quotations free on application. 


OUR COMPREHENSIVE CATALOGUE IS NOW AVAILABLE, INCLUD- 
ING ITEMISED PARTS LISTS FOR THE POPULAR TELEVISORS AND 
FULL COMPONENT LISTS, PRICE 7d, POST FREE. 











Model 26 LABORATORY 
VALVE VOLTMETER 


This instrument sets 
an entirely new stan- 
dard of performance 
in mains operated 
valve voltmeters. It 
measures d,c. and a.c. 
voltages from 0.2 to 
250v. and has an 
upper frequency limit 
of 200 Mc/s. Four 
resistance ranges 
extending up to 500 
megohms and a deci- 
bel range are included. 

The meter is a six 
inch movement witha 
mirror scale. 








%*& Accuracy on all voltage ranges conforms to B.S. 89 : 1937 


for First Grade moving coil meters—a performance which 


has not hitherto been claimed for any valve voltmeter. 


ELECTRONIC INSTRUMENTS LTD 


17, PARADISE ROAD: RICHMOND - SURREY - ENGLAND 





81 





Electronic Engineering 








PEN STENCILS 


ASK West’s advice on: 
Drawing Office Equipment 
Sensitized Papers 
Blue Prints and Dye Line Prints 
True-to-scale Prints 
Surveying Equipment 


We can help you from start to 
finish 


A. WEST & PARTNERS LTD, 


36 BROADWAY, WESTMINSTER, S.W.! 


| AUSTINLITE 
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CONTROL 


The Austinlite Rotary Switch is 

fitted to the Austinlite Control Panel 
which is supplied with electric 
lighthouse installations, telecommunica- 
tion stand-by plant and other 

vital equipment. 


Full particulars of the Austinlite Rotary 
Switch will be sent on request. 


A 
l hance. PRODUCT 


AUSTINLITE LIMITED (A Subsidiary$of Chance Brothers Ltd.) 
Dept. A5, Lighthouse Works, Smethwick, 40, Birmingham. 
Telephone : West Bromwich 1051 














WEST END RADIO Ltd. 
The Best in the West 


For all Components and Valves 








A few of our ex-Government surplus bargains :—Crystal 
Diodes, CV102, 2/11 each post free ; 14 in. P.M. hailer 
speakers, £5/10/0 each, carriage 2/6; Truvox 5 in. speakers, 
9/11, post I/-. Also full ranges of ex-Government B.7.G. 
type and other type valves. 


FOR PHOTOGRAPHERS 
Flood lamps, 230v., 2K.V., large pre-focus fitting, 9/II 
post 2/-. 


FOR CARAVAN OR BOAT 


Fuel and water pumps in many types, rotary and semi- 
rotary from 16/6; aircraft let-down wash basins in 
anodised aluminium, £4/19/6. 


All goods new and guaranteed. 


WEST END RADIO Ltd. 


Established 20 years 
14 LISLE ST., LEICESTER SQUARE, LONDON, W.C.2 
1,000 bargains for callers 


OPEN ALL DAY SATURDAYS. No lists at present. 








‘ck . 
elects wo 


Its exceptional purity makes 

it especially suitable for electrical 
and magnetic applications 
Supplied in a wide selection of 
mesh gradings. 


| Meee 7 ] | \ 

THE 
GEORGE COHEN sons & co. LTD A00 
BROADWAY CHAMBERS, LONDON, W.6 

Telephone : Riverside 4141 GROUP 


OF COMPANIES 
somes 
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* 
Principles of 
Television 


Reception 


By A. W. Keen, M.I.R.E., 
A.M. Brit..R.E. 


A systematic treatment, including a 
stage-by-stage examination of the re- 
ceiver, and a review of the problem 
of natural-colour television. This is 
a thoroughly up-to-date book and 
a most useful study of the subject 


Illustrated, 25/- net. 


PITMAN, Parker Street, Kingsway, London, W.2 
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TRANSFORMERS 


DESIGNED and MANUFACTURED to your 
specification 





MAINS 
TRANSFORMERS 
AND CHOKES FOR 
ALL ELECTRONIC 
APPARATUS 


FOR THE TELEVISOR 
THE E.H.T. AND H.T. 
TRANSFORMERS 
ARE AVAILABLE 
EX STOCK 


SEND FOR OUR CURRENT STOCK LIST 








STEWART TRANSFORMERS Ltd., 
1021 FINCHLEY RD., LONDON, N.W.II 


Tel. : SPEedwell 3000 and 3533 




















HIGH VOLTAGE. 








LOW CURRENT 


EQUIPMENT 


2,000 — 50,000 Volts | 
O — ImA 


Stabilized and Variable Outputs 








Write, call or ‘phone 


HAZLEHURST DESIGNS, 
LTD., 


34a, Pottery Lane, LONDON, W.11. (Park 6955) 








WODEN 


QUALITY 
COMPONENTS 
SPECIFIED FOR} 


“ELECTRONIC ENGINEERING” 
HOME BUILT TELEVISOR 


E.H.T. TRANSFORMER, POTTED TYPE — 

s. d. 
4 KV. 5mA. 0-2-4V 1.5A. 65 0 
SKV. 5mA. 0-2-4V 1.5A. 72 6 


MAINS TRANSFORMER, POTTED TYPE 

350V-0-350V 250mA. 6.V 6A. 4V BA. 4V 3A. 0-2-6.3V 2A. 98 6 
SMOOTHING CHOKES 

5 Hy 250mA. ... ani aaa tae a ap sag ae 
10 Hy 80mA. ... i“ baa sas oue ee wore? 
We also manufacture transformers from 10VA to 100KVA for all 
types of Electronic Equipment. We are pleased to co-operate on any 


special designs required, and we already supply many prominent 
manufacturers. 


Send for latest Catalogue to : 


Woden Transformer Co. Ltd. 


MOXLEY ROAD. BILSTON . STAFFS. Tel : BILSTON 41959 





















FOR COMPLETE 
RELIABILITY 

















AERIALITE 
COAXIAL CABLES 
are manufactured under strict Laboratory con- 
ditions and to Government Specification where 
possible. Send for list of the full range of 
AERIALITE R/F Cables and Feeders. 

THE D.P.O. MODEL 50—A_ new television 
Aerial. The best Aerial on the market at the lowest 
price. Available in two types—‘‘ London ’’ and 
“* Midlands,’’ and made up for three different styles 
of mounting. Features: Low-Loss Insulator, Water- 
proof Plug Assembly, Accessibility. Easy 
Erection, Strength, Broad Bandwidth, 

—————> Rigidity. (Prov. Patent 26255/48.) 50/ 


Rerialitem. 


occas MOE WORKS,  STALYBRIDGE, CHESHIRE. 


Send for our booklet ‘‘ Bring the World to your Door”’ 
for details of all AERIALITE Products. 


Wii 


|| 


vt Hill 


Wu 
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A NEW B.P.L. INSTRUMENT 





THE VOLTASCOPE—A combined valve-voltmeter and 
oscilloscope. VALVE-VOLTMETER — Infinite Input 
Resistance for D.C. ranges 0 to 300 volts. A.C. ranges 
0 to 150 volts in 5 ranges. 34-inch scale meter. 
OSCILLOSCOPE—3-inch screen tube provided with 
balanced amplifiers for Y and X plates giving a 5 times 
trace expansion. Maximum sensitivity 150mV/cm. 
Response from D.C. to 100 Kce/s. 


Limited quantity available for early delivery. 
BRITISH PHYSICAL LABORATORIES 


HOUSEBOAT WORKS, RADLETT, HERTS. 
Tel :Radlett 5674-5-6 




















VARLEY COMPONENTS 


FOR 


ELECTRONIC ENGINEERING | 


SERVICE ENGINEER'S 


| FOR 
FIRST CHOICE | LABORATORY & INDUSTRY 








NOTE! NEW ADDRESS 





SUPPLY, INSTALLATION 
AND MAINTENANCE 
OF 
ELECTRONIC CONTROLS 
AND INSTRUMENTS 


OF ALL MAKES 





DEVELOPMENT AND 





HOME BUILT TELEVISOR 
List No. 
WS 903/4KV-2V (2A) ... 67/6) 
or 
(WS 903/5 5 KV - 2 V (2A) - | 
A... . 
EP 63 Mains Transformer ...  90/-| ) 
DP52 Choke... ...  ... 18/6| 
DP 62 Choke... ...  ... ‘17s! 
SRJ. 





OLIVER PELL CONTROLLTD 









5?” x 6’ x 5}” | 
For flush or wall mounting. § | 
Type SRJ. Automatically Resetting 


BOTH SYNCHRONOUS 


| 
Type JPS. Hand Resetting Timer. | 
| 
Ask for Lists 120 & 121/ EO | 


= LONDEX LTD ——! 


pee Manufacturers of Relays 
"e. Woolwich 1422 : | 207, ANERLEY RD., LONDON, S.E.20. SYDenham 6258.9, 


MANUFACTURE OF SPECIAL 
APPLICATIONS 


FOR REGULAR MAILING WRITE TO 


F. C. ROBINSON 
& PARTNERS LTD. 
287, DEANSGATE, 
MANCHESTER, 3. 
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INSTRUMENT CABINETS 


| and General 
SHEET METAL WORK 


steel shelving and 
storage racks 


NEON SIGNS 











MICA 


DIAPHRAGMS 
ELEMENT STRIPS 
CONDENSER PLATES 
SPECIAL SHAPES 
RAW MICA 


WASHERS 
éte 











ter and 
» Input 
, Send 3d. 
2d with for full 
nViow details 
to Dept. 
r. E.E.2 
RIES| = "A | 
q Westinghouse Brake & Signal Co. Ltd., 82 York 
—— Way, Kings Cross, London, N.1. 
oak MAGNETIC RELAYS 
a LARGEST EX-MINISTRY STOCK IN 
N GREAT BRITAIN 
E TYPES P.O. 3000—600—HIGH SPEED 
| Also A.C. 230 V., 50c 
‘ Rebuilt to your Specification 
‘OLS Government Contractors 
s JACK DAVIS | 
DEPT. E.E. | 
30 PERCY STREET, LONDON, W.1. | 
Phones : MUSeum 7960 : LANgham 4821 
TRY | 
) 
CIAL 
‘ETO 
»N 
TD. 
; || '@ +f 
: THE HARBORO’ RUBBER CO. LTD., MARKET HARBOROUGH |... | 
































ITIQUS ENGINEERS 


HAVE YOU HAD YOUR COPY OF 
* ENGINEERING OPPORTUNITIES - e 

Whatever your age or experience—you m 
informative guide to the best paid engineeri 

contains parc of A.MLLE E., 

ae and. other important Engineering 

tlines home-study courses in all branches of 

Civil, ical, Electrical, Automobile, Radio and 

eering, Government Employment, 

i a and Plastics, Matriculation, etc. 

e 


juarantee 
“*NO PASS — NO FEE’’ 
If you are earning less than £10 0 week cannot afford to miss 
reading “ Engineering Opportunities” It tells yn § everything 
to secure your fe Write for this omgenios 
NOw— FREE and without obligation 


BIET 








= you want to know 
guide to well paid posts 
BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 
337a, eee ip ¥ Stratford Place, 




















Advance Components Ltd. oe 
Aerialite Ltd. ~ Bs oe 
Airmec Laboratories Ltd. - 13 


Automatic Coil Winder & Electrical 
Equipment Co., Ltd., The .. 16 


Baldwin Instrument Co., Ltd. .. | 


Belling & Lee, Ltd. vn < cm. 
Berry's (Short Wave) Ltd. aes - 4 


British Institute of ripeannitdeedl 
Technology oa 35 


— I ‘s Cables 
‘ Cover i 


Beco Mica Co., Ltd. ~f ¥ jo ae 
British Physical Laboratories a we 
British Thomson-Houston Co., Ltd. .. 7 
Chance Bros., Ltd. a 54 iret 
Chapman & Hall Ltd. - >. ee 
Chase Products (Engineering) Ltd. .. 35 
Cinema- Television Ltd. .. * is) Fae 
Cohen, Sons & Co., Ltd., George bd 
Cole, Ltd., E. K. .. ¥ » - 
Cowburn & Co., Ltd., Frederick ss 4 
Davis Supplies Ltd., Alec ars . © 
Davis, Jack ce ‘o ae 
De La Rue & Co., Ltd., Thomas % 17 
Edison Swan Electric Co., Ltd., The .. 6 
Edwards & Co. (London), Ltd.,W. .. 26 


lated Callend 
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INDEX TO ADVERTISERS 


Electronic Instruments .. 

E.M.I. Institutes Ltd. 

Ferranti Ltd. . 

Fielden (Electronics) Ltd. 

Harboro’ Rubber Co., Ltd., The 

Hazlehurst Designs Ltd. 

Henley’s es Works Co., Ltd. 
WwW. T. 


Hogg, F. sectiiguen : 
Holiday & Hemmerdinger Ltd. 
Hopton Radio 

Hunt Ltd., A. H. ts 
Johnson, Matthey & Co., Ltd. 

Lewis & Co., Ltd., H. K. 

Londex Ltd. 

og Electric Wire Co. & "Smiths 


London Wenbieener peetean Ltd. 
Marconi Instruments Ltd. " 
Marconi’s Wireless Telegraph Co., Ltd. 
Measuring Instruments (Pullin) Ltd. 
ee Electrical Co., 


Modern Book Co., The 

Mullard Electronic Products Ltd. 
Muirhead & Co., Ltd. 

Murex Ltd. .. 

Nagard Ltd. 
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Nife Batteries “a ia ¥e ve) 2B 
Nusound Products on o% 1 oe 
Painton & Co., Ltd. 20 and 23 
Pell Control Ltd., Oliver oe a 
Pitman & Sons Ltd., Sir Isaac on | ae 
Radiospares Ltd. .. ‘ — 
Robinson & Partners Ltd., F. c. a) oa 
Rubber Bonders Ltd... a Cover ii 
Salford Electrical Instruments Ltd. .. 5 
Savage Transformers Ltd. ae <6 
Scophony-Baird Ltd. - te on ae 
Southern Instruments Ltd. as . 29 
Standard Telephones & Cables Ltd. . a a 
Steatite & Porcelain Products Ltd. .. 9 
Stern Radio .. iy 6 co) a 
Stewart Transformers .. ie co ae 
Sullivan Ltd., H. W. ee a 3, a 
Sunvic Controls Ltd. : Cover iv 
Taylor Electrical Instruments Ltd. .. 22 
Telegraph Construction & Mainten- 

ance Co., Ltd., The .. 24and 29 
Tele-Radio (1943) Ltd. .. + io a 
Tufnol Ltd. .. os ie a es 3 
Vortexion Ltd. be ° an at 
Walter Instruments Ltd. Cover iii 
Webb's Radio a - sie! Ome 
West & Partners Ltd., A. ie oo ae 
West End Radio Ltd. ade : 32 
Westinghouse Brake & Signal a Ltd. 35 
Woden Transformer Co., Ltd. .. a & 





Full details 
enquiries as 
INSULATE: 
The London eit o Ce - 


THE LONDON ELECTRIC WIRE COMPANY 


AND SMITHS, LIMITED 


LEYTON, LONDON, 


E.10. 


BARE W 
Vactite Wire 
U 


IRES: 
Company 
mited 


VACTITE WIRE COMPANY LTD. 


75 ST.SIMON STREET, 


SALFORD 3,LANCS. 
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A mass of resistances, wires and condensers — J how do you squeeze 


a switch in there? We'll tell you. Use our Type B.T. switch. It has been 
specially designed for small spaces and simple switching. You’ll find it a 
godsend. It’s an even better switch too since it has had an overhaul in our 


Development Section. Here are some improvements we have made to it: 


: The contact blades are fixed 
' in a new way. This makes 
_ them rigid all the time. 


| The drive spindle is positioned 
- definitely in the wafer. This 
provides double bearing. 


Steady contact resistance. 
Improved insulation between 


~ 

Ma D 

contacts. E FE 

Positive contact. Or l 

Self-cleaning action. a6 / F 
since promt Walter Instruments 

the Type B.T. an efficien é 

and lasting switch. Why 

not try it? LIMITED 








GARTH ROAD, LOV IRDEN, SURREY. Telephone: DERWENT 4421-2-3 


BRM OE 
CRC46 





Flectranic Engineering 


TEMPERATURE 
CONTROL 


Accurate instruments for every 
laboratory and works 


Hotwire Vacuum Relays -: Glass-Sealed and Adjustable 
Thermostats - Accurate Thermostats -  ElectronicRelays + Resistance 
Thermometers and Controllers ~- Energy Regulators - Time-D hes C. Amplifiers, etc., etc. 


Automatic Cold Junction Thermostats ° High Voltage Change-o 





Please write jor aptropy vlegue Sections. 




















SUNVIC HOUSE, 10 ESSEX STR 
Telephcne : TEMple Bar 7064-8. Teiegr 








TAS/SC. 242 
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